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STOMATA CHARACTERISTICA IN PLANTS 



AMENDMENT 



Assistant Commissioner for Patents 



August 10, 2001 



Washington, DC 20231 
Sir: 

In response to the U.S. Patent Office Notice to Comply with Requirements for Patent 
Applications Containing Nucleotide Sequence and/or Amino Acid Disclosures dated May 10, 2001, 
the period for response having been extended one (1) month to August 10, 2001, the following 



amendments and remarks are respectfully submitted in connection with the above-identified application. 
IN THE SPEC IFICATION: 

Please replace the description of figure 5, on page 33, with the following amended description: 
—Figure 5: Sequence alignments in the four highly conserved domains, the D 
region(SEQ ID NOS: 62-70), the H region(SEQ ID NOS:71-79), the substrate 
binding site(SEQ ID NO;80-88), and the S region(SEQ ID NOS:89-97) of the 
subtilisins Subtilisin BPN' (Wells et al. 1983, Nucleic Acids Res. 11, 791 1-7925), 



Application No, 09/806,767 
the KEX2 of yeast (Mizuno et al. 1988, Biochem. Biophys. Res, Commun, 156, 246- 
254), the human FURIN/PACE (Wise et al. 1990, Proc. Natl Acad Sci USA 87, 
9378 - 9382), the human PC1/PC3 (Seidah et al, 1991, Mo/. Endocrinol 5, 1 1 1 - 
122; Smeekens et al., 1991, Proc. Natl Acad Sci USA 88, 340 - 344), the 
CUCUMISIN from Cucumis melo (Yamagata et al,, 1994, J. Biol Chem, 269, 
32725 - 32731), LeP69 from Lycopersicon esculentum (Tomero etal., 1996, Proc, 
Natl Acad. Sci USA 93, 6332 - 6337), the AG12 from Alnus glutinosa (Ribeiro et 
al., 1995, Plant Cell 7, 785 - 794) and of SDDl . The positions of the invariant amino 
acids are marked with ^, Identical amino acids present at corresponding positions in 
the different subtilisins are highlighted with black boxes.-- 

Please replace the Sequence Listing filed April 3, 2001, located immediately after the 
abstract, with substitute Sequence Listing enclosed herewith. 

REMARKS 

Sequence Listing 

Enclosed herewith in full compliance to 37 C.F.R. §§1.821-1.825 is a substitute Sequence 
Listing to be inserted into the specification as indicated above. The substitute Sequence Listing 
in no way introduces new matter into the specijfication. 

Also submitted herewith in full compliance to 37 C.F.R. §§1.821-1.825 is a disk copy of the 
substitute Sequence Listing. The disk copy of the substitute Sequence Listing, file "0147- 
0223P.ST25", is identical to the paper copy, except that it lacks formatting. 

The substitute Sequence Listing contains sequences disclosed in figure 5 as filed that were 
not made part of the original Sequence Listing. The amendments to the Specification are being 
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made to reference these sequences by their SEQ ID NOS. These amendments are editorial in nature 
and do not constitute new matter. 

Entry of the above amendments is earnestly solicited. An early and favorable first action 
on the merits is earnestly solicited. 
Claims Fee 

Claims 8, 1 1, and 15 as filed are improper, therefore these claims and their dependants 
are counted as one claim making the total claim count to 27. 29 claims were paid for on April 3, 
2001, therefore the Applicants feel that the additional claims fee of $288.00 is not necessary. If 
the Commissioner disagrees then he is hereby authorized to charge Deposit Account No. 02- 
2448 for any additional claims fees. 
Extension of Time 

A one (1) month(s) extension of time for the filing of the present paper in accordance 
with the provisions of 37 C.F.R. §1.136 and 37 C.F.R. § 1 . 1 7 has been petitioned for and the 
applicable fees have been paid in the accompanying response to the Notice to File Missing Parts 
filed on August 10, 2001 for the present application number. 
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If necessary, the Commissioner is hereby authorized in this, concurrent, and future 
replies, to charge payment or credit any overpayment to Deposit Account No. 02-2448 for any 
additional fees required under 37 C.F.R. § 1 . 1 6 or under 37 C.F.R. § 1.17; particularly, extension 
of time fees. 

Respectfully submitted, 

BIRCH, STEWART, KOLASCH & BIRCH, LLP 




xfy' LeMid R. Svensson, #30,330 



P.O. Box 747 

LRS/SWG/KW Falls Church, VA 22040-0747 

0147-0223P (703)205-8000 

Attachments: Paper and disk copy of Sequence Listing 
Copy of Notice to Comply 
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0147-0223P 

: OFFICE ^ AFh^uOI 



IN THE U,S, PATENT AND TRADEMARK 

Applicant: BERGER, Dieter at al. Conf . : 

Int'l. Appl. No-: PCT/EP99/07 633 

Appl. No.: New Group: 

Filed: April 3^ 2001 Examiner: 

For: MEANS AND METHODS FOR MODULATING STOMATA 

CHARACTERISTICA IN PLANTS 

PRELIMINARY AMENDMENT 

BOX PATENT APPLICATION 

Assistant Commissioner for Patents April 3^ 2001 

Washington, DC 20231 

Sir: 

The following Preliminary Amendments and Remarks are 
respectfully submitted in connection with the above-identified 
application. 

AMENDMENTS 

IN THE SPECIFICATION: 

Please amend the specification as follows: 

Before line 1, insert — This application is the national 
phase under 35 U.S.C. § 371 of PCT International Application No. 
PCT/EP99/07633 which has an International filing date of October 
12, 1999, which designated the United States of America. — 



Docket No, 0147-0223P 

IN THE CLAIMS : 

Please amend the claims as follows: 

5, (Amended) A vector comprising a recombinant DNA molecule 
of claim 1. 

6. (Amended) A host cell containing a vector of claim 5 or a 
recombinant DNA molecule of claim 1. 

7. (Amended) A method for the production of transgenic 
plants with altered stomata characeristica compared to wild type 
plants comprising the introduction of a recombinant DNA molecule 
of claim 1 or the vector of claim 5, 

8, (Amended) A transgenic plant cell comprising stably 
integrated into the genome a recombinant DNA molecule of claim 1 
or a vector of claim 5 or obtainable according to the method of 
claim 1, wherein the expression of the nucleic acid molecule 
results in an increased expression or activity of subtilisin-like 
serine proteases in transgenic plants compared to wild type 
plants . 

11- (Amended) A transgenic plant ell which contains stably 
integrated into the genome a recombinant DNA molecule of claim 1 
or part thereof^, a vector of claim 5 or obtainable according to 
the method of claim 7, wherein the presence, transcription and/or 
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expression of the nucleic acid molecule or part thereof leads to 
reduction of the synthesis or the activity of subtilisin-like 
serine proteases in transgenic plants compared to wild type 
plants . 

13. (Amended) A transgenic plant or plant tissue comprising 
the plants cells of claim 11. 

15. (Amended) The transgenic plant of claim 9, the plant 
cell of claim 8, or the plant tissue of claim 9, wherein said 
plant, plant cell or plant tissue is derived from a 
monocotyledonous or dicotyledonous plant. 

17. (Amended) Harvestable parts or propagation material of 
plants of claim 9. 

18. (Amended) A kit comprising recombinant DNA molecule of 
claim 1 or a vector of claim 5. 

21. (Amended) Use of a nucleic acid molecule encoding or 
regulating the expression of a subtilisin-like serine protease or 
a nucleic acid molecule as defined in claim 1, a recombinant DNA 
molecule of claim 1, or a vector of claim 5 for the production of 
plants with improved fresh and dry weight, for enhancing the 
content of sugars and/or protein in plant leaves for the 
production of plants with reduced leaf temperatures or with 
reduced water loss and lower water consumption, for the 
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modification (enhancement) of CO2 uptake into and H2O release 
from leaves, for sustained photosynthesis under high intensity 
conditions or for the improvement of disease resistance plants. 
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REMARKS 



The specification has been amended to provide a cross- 
reference to the previously filed International Application. The 
claims have also been amended to delete improper multiple 
dependencies and to place the application into better form for 
examination. Entry of the present amendment and favorable action 
on the above-identified application are earnestly solicited. 

Attached hereto is a marked-up copy of the changes made to 
the application by this Amendment- 

If necessary^ the Commissioner is hereby authorized in this^r 
concurrent;, and future replies, to charge payment or credit any 
overpayment to Deposit Account No. 02-2448 for any additional 
fees required under 37 C.F.R, § 1.16 or under 37 C.F.R. § 1.17; 
particularly, extension of time fees. 



Respectfully submitted. 



BIRCH, STEWART, KOLASCH & BIRCH, LLP 




LRS/cqc 
0147-0223P 



P.O. Box 747 

Falls Church, VA 22040-0747 
(703) 205-8000 



Attachment: Version With Markings Showing Changes Made 



(Rev. 01/22/01) 
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VERSION WITH MZ^INGS SHOWING CHANGES MADE 

The specification has been amended to provide cross- 
referencing to the International Application • 

The claims have been amended as follows: 

5. (Amended) A vector comprising a recombinant DNA molecule 
of [any one of claims 1 to 4] claim 1 . 

6, (Amended) A host cell containing a vector of claim 5 or a 
recombinant DNA molecule of [any one of claims 1 to 4] claim 1 , 

7, (Amended) A method for the production of transgenic 
plants with altered stomata characeristica compared to wild type 
plants comprising the introduction of a recombinant DNA molecule 
of [any one of claims 1 to 4] claim 1 or the vector of claim 5. 

8. (Trended) A transgenic plant cell comprising stably 
integrated into the genome a recombinant DNA molecule of [any one 
of claims 1 to 4] claim 1 or a vector of claim 5 or obtainable 
according to the method of claim 1 , wherein the expression of the 
nucleic acid molecule results in an increased expression or 
activity of subtilisin-like serine proteases in transgenic plants 
compared to wild type plants. 
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11. (Amended) A transgenic plant cell which contains stably 
integrated into the genome a recombinant DNA molecule of [any one 
of claims 1 to 4] claim 1 or part thereof;, a vector of claim 5 or 
obtainable according to the method of claim 1, wherein the 
presence, transcription and/or expression of the nucleic acid 
molecule or part thereof leads to reduction of the synthesis or 
the activity of subtilisin-like serine proteases in transgenic 
plants compared to wild type plants, 

13. (Amended) A transgenic plant or plant tissue comprising 
the plants cells of claim 11 [or 12] . 

15, (Amended) The transgenic plant of [any one of claims 9, 
10> 13 or 14] claim 9 , the plant cell of [any one of claims 8, 11 
or 12] claim 8 , or the plant tissue of claim 9 [or 13], wherein 
said plant, plant cell or plant tissue is derived from a 
monocotyledonous or dicotyledonous plant, 

17. (Amended) Harvestable parts or propagation material of 
plants of [any one of claims 9, 10, 13 or 14 to 16] claim 9 
[comprising plant cells of claim 8 11^ 12, 15 or 16] . 

18. (Amended) A kit comprising recombinant DNA molecule of 
[any one of claims 1 to 4] claim 1 or a vector of claim 5, 
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21. (Amended) Use of a nucleic acid molecule encoding or 
regulating the expression of a subtilisin-like serine protease or 
a nucleic acid molecule as defined in [any one of claims 1 to 
4] claim 1 , a recombinant DNA molecule of [any one of claims 1 to 
4] claim I r or a vector of claim 5 for the production of plants 
with improved fresh and dry weight, for enhancing the content of 
sugars and/or protein in plant leaves for the production of 
plants with reduced leaf temperatures or with reduced water loss 
and lower water consumption, for the modification (enhancement) 
of CO2 uptake into and H2O release from leaves, for sustained 
photosynthesis under high intensity conditions or for the 
improvement of disease resistance plants. 
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IVleans and methods for modulating stomata characteristica In 

plants 



The present invention relates to recombinant DNA molecules comprising nucleic 
acid molecules encoding subtilisin-like serine proteases that are involved in the 
regulation of stomatal density in plants; wherein said nucleic acid molecules could 
be operabiy linked to regulatory elements allowing the expression of the nucleic 
acid molecules in plants. The present invention also provides vectors comprising 
said recombinant DNA molecules as well as plant cells, plant tissues and plants 
transformed therewith. The present invention further relates to the use of the 
aforementioned recombinant DNA molecules and vectors in plant cell and tissue 
culture, plant breeding and/or agriculture, in particular for the production of plants 
with improved traits. 



Several documents are cited throughout the text of this specification. Each of the 
documents cited herein (including any manufacturer's specifications, instructions, 
etc.) are hereby incorporated herein by reference; however, there is no admission 
that any document citedJs indeed prior art as to the present invention. 

Stomatal complexes (stomata) are specialised structures in the epidermices of ail 
higher land plants that mediate and control the gas exchange between the internal 
tissues of the plants and the atmosphere. They consist of two guard cells that 
flank a central pore. In many plant species these central guard cells are 
surrounded by morphologically distinct epidermal cells (subsidiary ceils). Usually, 
more than 90% of the gas exchange between a leaf and the atmosphere (uptake 
of CO2 into the leaf and release of H2O vapor) occurs through the stomatal pores. 
The major function of the stomata is to create an optimal balance between 
sufficient CO2 uptake and limited water loss. To achieve this, short term control (in 
the range of minutes to hours) is exerted on the stomatal conductance by opening 
and closure of the stomatal pores through turgor driven movement of the guard 
cells (for review see Zeiger, Farquhar and Cowan (eds.) Stomatal Function, 
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Stanford University Press, Stanford 1987; Willmer and Fricker (eds.) Topics in 
Functionai Biology, 2. Stomata, Second Edition, Chapman and Hal! Ltd., London, 
New York, 1996). Besides these rapid and transient changes, long term 
modulation of stomatal characteristics occurs which predominantly involve 
morphological aspects such as presence or absence of stomata in the upper 
and/or lower leaf epidermis, density of stomata in the leaf epidermices, or the size 
of the stomata. These features are determined both, by endogenous (genetic) and 
by exogenous (environmental) factors. Hints towards genetic control were 
obtained through the observation of a broad variation of the stomatal density 
between different species of the same genus, between varieties or cuitivars of the 
same species, or in F1 hybrids. Genetic analysis revealed multigenic, oligogenic, 
or monogenic control and a high heritability of characters such as stomatal density 
or size (for review see Jones, In Stomatal Function, Eds. E. Zeiger, G.D. Farquhar 
and LR. Cowan, pp. 431-443, Stanford University Press, Stanford 1987), In 
addition to this endogenous control, stomatal characteristics are also modulated 
through environmental effects. Thus, air humidity (e.g, Schurmann, 1959, Flora 
147 . 417-520), light intensity (e.g. Gay and Hurd, 1975, New PhytoL 75, 37-46; 
Schoch et al., 1980, J. Exp/Bot 3±, 1211-1216; Rahim and Fordham, 1991, Ann. 
Bat 67, 167-171), and C02-concentration (e.g. Woodward, 1987, Nature 327 , 
617-618; Woodward and Bazzaz, 1988, J. Exp, Bot 39, 1771-1781: Goodfeilow et 
al.. 1997, Tree Physiol. 17, 291-299) were found to affect stomatal density. In 
several studies, stomatal density was found to be associated with plant yield (e.g. 
Walton, 1974, Can J. Plant ScL 54, 749-754). Pima cotton varieties selected for 
high yield upon growth under conditions of high irradiance and artificial irrigation 
exhibit increased stomatal density associated with increased stomatal 
conductance and reduced leaf temperature (Cornish et aL, 1991, Plant PhysioL 
97^ 484-489; Lu and Zeiger, 1994, Physiol. Plant. 92, 273-278; Lu et aL, 1994, 
PhysioL Plant, 92, 266-272; Srivastava et aL, 1995, Plant Sci. 19, 125-131). A 
similar relationship between stomatal conductance and yield was observed for a 
series of bread wheat varieties (Lu et aL, 1998, J, Exp. Bot. 49, 453-460). 
According to these data, the modulation of stomatal characteristics are of high 
importance for the improvement of elite cuitivars of crop plants, in the area of 
agriculture and forestry, a major aim is the continuous improvement of the crop 
plants with respect to higher yielding to provide sufficient food for the growing 
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global population and to ensure the supply of renewable resources. Traditionally, 
progress towards higher yielding varieties is attempted through breeding, a very 
labour und time consuming process to be conducted separately for every relevant 
plant species. Some progress has already been achieved through the application 
of genetic engineering to plants, i.e. the introduction and expression of 
recombinant nucleic acid molecules in plants. Such approaches are 
advantageous as they can usually be applied to many different plant species. In 
EP-A 0 511 979, for instance, the use of a procaryotic asparagine synthetase for 
expression in plant cells is described that, among other changes, leads to 
increased biomass production. WO 96/21737 describes yield increases in plants 
achieved through the expression of de- or non-rsgu!ated fructose-1 ,6- 
bisphosphatase through enhanced rate of photosynthesis. In WO 96/17069, the 
enhancement of biomass production in transgenic plants achieved through 
expression of a polyphosphate kinase from E.coli is described. In contrast to 
these cases, however, no means for a directed manipulation through genetic 
engineering of stomatal density or distribution in plants were hitherto available, 
due to the complete lack of knowlegde about genes that are involved in the 
control of these stomatal characteristics. 

Recently, an Arabidopsis thaliana mutant, R-558, has been isolated after chemical 
mutagenesis which shows a two to four-fold increase in the stomatal density of all 
aerial plant organs, in the leaves in particular and the occurrence of ca. 10% 
clustered stomata, i.e. stomata placed in direct contact to at least one- other 
stomata (D. Berger, 1997, PhD Thesis Freie Universitat Beriin). Besides a minor 
change in the length of the pedicelli, no other morphological changes were visible 
in the mutant plants. The form and size of the leaves as well as the structure of 
the mesophyil (number of cell layers in palisade and spongy parenchyma, form 
and size of the mesophyil cells) and the intercellular system (including the 
substomatal cavities) are unchanged. The increased stomatal density resulted in 
elevated transpiration (loss of H2O) and was associated with increased dry matter 
content in the leaves which in the wild type was ca. 3% and in the mutant ca. 7%. 
It was furthermore shown that the increased stomatal density in the R-558 mutant 
was associated with increased leaf fresh {-^ 15%) and dry (+30%) weight, increasd 
glucose (+70%>), fructose (+65%), and protein (+50%) contents in leaves, and 
enhanced transpiration and C02-assimiiation (D. Berger, 1997, PhD Thesis, Freie 
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Universitat Berlin) in comparison to the wild type. The mutation which caused the 
increased stomatal density has been mapped relative to a set of (molecuiar) 
genetic markers to a ca. 0.59 cM interval located on the top arm of chromosome 1 
of Arabidopsis thaliana (D. Berger, 1997, PhD Thesis, Freie Universitat Berlin). 
However, the regulation of stomatal density and distribution in plants is still not 
fully understood and means that can be used to manipulate stomata! 
characteristics such as density and distribution that may have applications in 
several aspects of agriculture were hitherto not available. 

Thus, the technical problem underlying the present invention was to comply with 
the need for means and methods for modulating the stomatal density in plants. 
The solution to this technical problem is achieved by providing the embodiments 
characterized in the claims. 

Accordingly, the invention relates to a recombinant DNA molecule comprising 

(i) a nucleic acid molecule encoding a subtilisin-iike serine protease or 

encoding a biologically active fragment of such a protein, selected from the 

group consisting of 

(a) nucleic acid molecules comprising a nucleotide sequence encoding 
a protein comprising the amino acid sequence as given in SEQ ID 
NO: 2, 8, 10 or 12; 

(b) nucleic acid molecules comprising a nucleotide sequence as given in 
SEQ1DN0:17, 9, or 11; 

(c) nucleic add molecules encoding a protein comprising at least the D 
region, H region, substrate binding site and/or S region of the 
subtilisin-iike serine protease encoded by a nucleic add molecule of 
(a) or (b); or 

(d) nucleic acid molecules hybridizing with the complementary strand of 
a nucleic acid molecule as defined in any one of (a) to (c); 

(e) nucleic acid molecules encoding a protein the amino acid sequence 
of which is at least 65% identical to the amino acid sequence 
encoded by a nudeic acid molecule of any one of (a) to (c); 
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(f) nucleic acid molecules, the nucleotide sequence of which is 
degenerate as a result of the genetic code to a nucleotide sequence 
of a nucleic acid molecule as defined in any one of (a) to (e); or 

(ii) a nucleic acid molecule encoding a mutant non-active or hyper-active form 
of or an antibody against the subtiiisin-Iike serine protease encoded by a 
nucleic acid molecule of (i); or 

(iii) a nucleic acid molecule which specifically hybridizes vv'ith a nucleic acid 
molecule of (i) or the complementary strand thereof. 

The present invention is based on the identification of a new class of genes 
represented by SDD1 from Arabidopsis thaliana which share common structural 
motifs, see infra. !n one aspect, these genes are preferably involved in the control 
of stomata! density and/or distribution. The SDD1 gene is mutated in the 
Arabidopsis thaliana mutant R-558; see Examples 1 to 3. Computer-assisted 
amino acid sequence analysis of the protein encoded by this gene revealed that it 
belongs to a family of subtilisin-like serine proteases; see Example 4. Further 
representatives of this new class of genes have been cloned from potato; see 
Example 6. 

The terms "subtilisin^ like-serine protease" and "subtilase" are used 
interchangeable herein and mean a specific class of serine proteases, called 
subtilisins or dibasic processing endoproteases. In subtilisins, four regions form 
the catalytic triad and the substrate binding site and are most highly conserved 
among subtilisins; see also Example 4 and Figure 7. In the context of the present 
invention, subtilisin-iike serine proteases also mean such proteins which show a 
homology of at least 65% to the sequence shown in SEQ ID NOs: 2, 8, 10 or 12. 
In the context of the present invention, the term "subtilisin-like serin protease" 
preferably is understood to mean proteins comprising one or several of the 
characteristic motifs depicted in SEQ ID NOS: 13 to 37; see infra. 
The substrate binding site preferably comprises the motif VfCAA (SEQ ID 
NO; 38). more preferably the motif CAAGN (SEQ ID NO: 39), in particular the 
motif AAGNN (SEQ ID NO: 40) and most preferably the amino acid motif 
VICAAGNNG (SEQ ID NO: 41). 
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in another preferred embodiment, the nucleic acid molecule of the present 
invention encodes a protein described above with one or more of the following 
amino acid sequence motifs: SYHSA (SEQ ID NO: 49), GLSPT (SEQ ID NO: 50), 
WLKSG (SEQ ID NO: 51), FNSSS (SEQ ID NO: 52), ASTAG (SEQ ID NO: 53), 
AAMDV (SEQ ID NO: 54), WiATi (SEQ ID NO: 55), GPSGL (SEQ ID NO: 56). 
lAALLH (SEQ ID NO: 57), KPIMD (SEQ ID NO: 58)^ VSCHD (SEQ ID NO: 59), 
YPSIS (SEQ ID NO: 60), SLSYR (SEQ !D NO: 61). 

In a further preferred embodiment the D, H and/or S region of the subtilase of the 
present invention comprise one or several of the following characteristic motifs: 
D region: 

IIGVL (SEQ ID NO: 42) or GVLDT (SEQ ID NO: 43) 
H reg ion: 

THTAST (SEQ ID NO: 44) or S-RDS (SEQ ID NO: 45) or RDS-G (SEQ !D N0:46) 
S region: 

HVSGl (SEQ ID NO: 47) or FTV-SGT (SEQ iD NO: 48) 

While a function of such proteins in the regulation of stomata! density in plants 
was hitherto unknown, the present invention for the first time provides evidence 
that the described nucleic acid molecules encode proteins that are involved in 
controlling the density and the distribution of stomata in plants; see Examples 3 
and 7. Furthermore, it. is shown that plants lacking or overexpressing such 
proteins show altered morphological and physiological features of high agronomic 
importance. 

Thus, the present invention for the first time clearly establishes that stomatal 
characteristics such as density and distribution can be specifically modulated 
through the application of genetic engineering techniques and provides extremely 
useful tools for example to: 

(i) generate plants with increased stomata! density and consequently with 
enhanced CO2 assimilation, reduced leaf temperature, enhanced organ 
such as !eaf fresh and dry weight, and enhanced sugar and protein 
contents in organs such as leaves; 

(ii) generate plants with decreased stomata! density and consequently with 
reduced water loss and thus lower water consumption; 
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(iii) counteract environmental changes such as raises in atmospheric CO2 
levels, temperature and irradiation that would cause changes in stomatal 
density to sub- or supra-optimai levels; 

general a nucleic acid molecule encoding a subtilisin-like serine protease can 
be derived from any materia! source, for example, from any organism, preferably 
plants possessing such molecules, preferably form monocotyledonous or 
dicotyledonous plants, in particular from any plant of interest in agriculture, 
horticulture or vyood culture, such as crop plants, namely those of the family 
Poaceae, any starch producing plants, such as potato, maniok, rice, wheat, corn, 
bariey, oat, leguminous plants, oil producing plants, such as oilseed rape, soja, 
sunflower, linenseed, etc., plants using polypeptide as storage substances, such 
as soybean, plants using sucrose as storage substance, such as sugar beet or 
sugar cane, trees, ornamental plants etc. or plants belonging to the family 
Gramineae. 

Furthermore, nucleic acid molecules can be used in accordance with the present 
invention hybridizing to the above-described nucleic acid molecules and encoding 
subtilisin-like serine protease. Such nucleic acid molecules can be isolated, e.g., 
from libraries, such as cDNA or genomic libraries by techniques well known in the 
3Pl_ Pqp example, hybridizing nucleic acid molecules can be identified and isolated 
by using the above-described nucleic acid molecules or fragments thereof or 
complements thereof as probes to screen libraries by hybridizing with said 
molecules according to standard tecriniques. Possible is also the isolation of such 
nucleic acid molecules by applying the polymerase chain reaction (PGR) using as 
primers oligonucleotides derived form the above-described nucleic acid 
molecules. Nucleic acid molecules which hybridize with any of the aforementioned 
nucleic acid molecules also include fragments, derivatives and allelic variants of 
the above-described nucleic acid molecules that encode subtilisin-like serine 
proteases or biologically active fragments thereof. Fragments are understood to 
be parts of nucleic acid molecules long enough to encode the described protein or 
a fragment thereof having the biological activity as defined above. Preferably, said 
fragment comprises at least one region of subtilisin-like serine protease as 
defined in section (i) (c) supra. 
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The term "derivativs" means in this context that the nucieotide sequence of these 
nucleic acid molecules differs from the sequences of the above-described nucleic 
acid molecules in one or more nucleotide positions and are highly homologous to 
said nucleic acid molecules. Homology is understood to refer to a sequence 
identity of at least 50 %, preferably 65% identity, particularly an identity of at least 
70 % or 75%, preferably more than 80 % and still more preferably more than 90 % 
or 95% identity. The deviations from the sequences of the nucleic acid molecules 
described above can, for example, be the result of nucleotide substitution(s), 
deletion(s), add!tion(s), insertion(s) and/or recombination(s) either alone or in 
combination, that may naturally occur or be produced via recombinant DNA 
techniques well known in the art; see for example, the techniques described in 
SambrooK Molecular Cloning A Laboratory Manual, Cold Spring Harbor 
Laboratory (1989) N.Y. and Ausubel, Current Protocols in Molecular Biology, 
Green Publishing Associates and Wiley Intersclence, N.Y. (1989), (1994). 
Homology further means that the respective nucleic acid molecules or encoded 
proteins are functionally and/or structurally equivalent. The nucleic acid molecules 
that are homologous to the nucleic acid molecules described above and that are 
derivatives of said nucleic acid molecules are, for example, variations of said 
nucleic acid molecules which represent modifications having the same biological 
function, in particular encoding proteins with the same or substantially the same 
biological activity as defined herein. They may be naturally occurring variations, 
such as subtilisin-like serine protease encoding sequences from other prokaryotes 
and eukaryotes, respectively, or mutations. These mutations may occur naturally 
or may be obtained by mutagenesis techniques; see supra. The allelic variations 
may be naturally occurring allelic variants as well as synthetically produced or 
genetically engineered variants; see supra. For example, the amino acid 
sequences of plant subtilisin-like serine proteases share significant similarities 
with bacterial, yeast and mammalian subtilisin-like serine protease; see Example 
4. In addition, nucleic acid molecules can be employed in accordance with the 
present invention that encode homologs or analogs of the above described 
subtilisin-like serine protease but where otherwise unrelated to those proteins. 
Such proteins that do not display significant homologies to common subtilisin-iike 
serine protease can be identified by a person skilled in the art using techniques 
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well known in the art, for example, via complementation of mutant genes, for 
example, in corresponding mutant plants; see Example 3. 

In a further embodiment the term derivative encompasses a nucleotide sequence 
coding for a protein derived from any one of SEQ ID Nos. 2, 8, 10 or 12 which 
exhibits a degree of homology, i.e. identity to the protein depicted under SEQ ID 
Nos. 2, 8, 10 or 12 of at least 60%, in particular an homology of at least 70%, 
preferably more than 80% and still more preferably a homology of more than 90% 
and particularly preferred of more than 95% and which exhibits at least one, more 
preferably at least three, even more preferably of at least five, in particular at least 
ten and particularly preferred of at least twenty of the peptide motifs selected from 
the group consisting of 

a) QTYIV, (SEQ ID NO: 13), 

b) IVQLH, (SEQ ID NO: 14), 

c) SSRLL. (SEQ ID NO: 15), 

d) QTTYS, (SEQ ID NO: 16), 

e) SSSCN, (SEQ ID NO: 17), 

f) VLGNG, (SEQ ID NO: 18), 

g) GAHIA, (SEQ ID NO: 19), 

h) FRAME, (SEQ ID NO: 20), 

i) ViCAA, (SEQ ID NO: 21), 
j) AAGNN, (SEQ ID NO: 22), 
k) SSVAN, (SEQ ID NO: 23), 
I) YGESL, (SEQ ID NO: 24), 
m) GSEFC, (SEQ ID NO: 25), 
n) CLRGS, (SEQ ID NO: 26), 
o) RGVNG, (SEQ ID NO: 27), 
p) PATLIG, (SEQ ID NO: 28), 
q) IFGGT, (SEQ ID NO: 29), 
r) PQNLG, (SEQ ID NO: 30), 
s) VNFTV, (SEQ ID NO: 31), 
t) HVSGI, (SEQ ID NO: 32), 
u) GFSLN, (SEQ ID NO: 33), 
v) RRVTN, (SEQ ID NO: 34), 
w) PNSiY, (SEQ ID NO: 35), 

x) LSYRV, (SEQ ID NO: 36), and 
y) SPISV. (SEQ ID NO: 37) 

The proteins encoded by the various derivatives, variants, homologs or analogs of 
the above-described nucleic acid molecules may share specific common 
characteristics, such as molecular weight, immunological reactivity, conformation, 
etc., as well as physical properties, such as electrophoretic mobility, 
chromatographic behavior, sedimentation coefficients, pH optimum, temperature 
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optimum, stability, solubility, spectroscopic properties, etc. All these nudeic acid 
molecules and derivatives can be employed in accordance with the present 
invention as long as the biological activity of the encoded protein remains 
substantially unaffected in kind, namely that the protein is capable of modulating 
stomata density in plants. Any one of the above described nucleic acid molecules, 
in particular those that represent hyper-active mutant forms of subtilisin-like serine 
proteases are particular suitable for overexpression in transgenic plants. These 
transgenic plants may either possess an endogenous functional subtilisin-like 
serine protease or they may lack the corresponding genes, e.g. due to mutation. 

The nucleic acid molecules mentioned in section (ii) and (iii) are particular useful 
for the suppression of genes encoding subtilisin-like serine proteases in plants. 
Hence, in one embodiment said nucleic acid molecules are preferably of at least 
50 nucleotides in length hybridizing specifically with a nucleic acid molecule as 
described above or with a complementary strand thereof. Specific hybridization 
occurs preferably under stringent conditions and implies no or very little cross- 
hybridization with nucleotide sequences encoding no or substantially different 
proteins. In particular stringent conditions mean, e.g., the use of an aqueous 
solution of 1% BSA, ImM EDTA, 0.5 M NaHP04pH7.2, 7% SDS and incubation 
at Preferably, stringent hybridization is obtained under the following 

conditions: 
Hybridization buffer: 

2 X SSC; 10 X Denhardt's solution (Ficolt 400 + PEG -f BSA; ratio 1:1:1): 0.1% 
SDS; 5mM EDTA; 50 mM Na2HP04; 250 [jg/mi herring sperm DNA; 50 p/ml 
tRNA; or 

0.25M sodium phosphate buffer pH 7.2; 1mM EDTA; 7% SDS 
Hybridization temperature: T=65 to 68X 
Washing buffer: 0.2 x SSC; 0.1% SDS 

Washing temperature: T=68°C 

Such nudeic acid molecules may be used as probes and/or for the control of gene 
expression. Nucleic acid probe technology is well known to those skilled in the art 
who will readily appreciate that such probes may vary in length. Preferred are 
nudeic acid probes of 50 nucleotides or more in length. Of course, it may also be 
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appropriate to use nucleic acids of up to 100 and more nucleotides in length. The 
nucleic acid probes of the invention are useful for various applications. On the one 
hand, they may be used as PGR primers for amplification of nucleic acid 
sequences according to the invention. Another application is the use as a 
hybridization probe to identify nucleic acid molecules hybridizing with a nucleic 
acid molecule of the invention by homology screening of genomic DNA or cDNA 
libraries. Nucleic acid molecules according to this preferred embodiment of the 
invention which are complementary to a nucleic acid molecule as described above 
can be used for repression of expression of a subtilisin-like serine protease 
encoding gene, for example due to an antisense or triple helix effect or for the 
construction of appropriate ribozymes (see, e.g., EP-A1 0 291 533, EP-A1 0 321 
201, EP-A2 0 360 257) which specifically cleave the (pre)-mRNA of a gene 
comprising a nucleic add molecule of the invention or part thereof. Selection of 
appropriate target sites and corresponding ribozymes can be done as described, 
for example, in Steinecke, Ribozymes, Methods in Cell Biology 50, Galbraith et aL 
eds Academic Press, Inc. (1995), 449-460. Furthermore, the person skilled in the 
art is well aware that it is also possible to label such a nucleic add probe with an 
appropriate marker for specific applications, such as for the detection of the 
presence of a nucleic acid molecule of the invention in a sample derived from an 
organism, in particular plants. 

The above described nucleic acid miolecules may either be DNA or RNA or a 
hybrid thereof Furthermore, said nucleic acid molecule may contain, for example, 
thioester bonds and/or nucleotide analogues, commonly used in oligonucleotide 
anti-sense approaches. Said modifications may be useful for the stabilization of 
the nucleic acid molecule against endo- and/or exonucleases in the cell. 

Furthermore, nucleic add molecules encoding antibodies specifically recognizing a 
subtilisin-like serine protease or parts, i.e. specific fragmients or epitopes, of such a 
protein can be used for inhibiting the activity of the protein in plants. These 
antibodies can be monoclonal antibodies, polyclonal antibodies or synthetic 
antibodies as well as fragments of antibodies, such as Fab, Fv or scFv fragments 
etc. Monodona! antibodies can be prepared, for example, by the techniques as 
originally described in Kohler and Milstein, Nature 256 (1975), 495, and Gaifre, 
Meth. Enzymoi. 73 (1981), 3, which comprise the fusion of mouse myeloma cells to 
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spleen cells derived from immunized mammals. Furthermore, antibodies or 
fragments thereof to the aforementioned peptides can be obtained by using 
methods which are described, e.g., in Harlow and Lane '^Antibodies, A Laboratory 
Manual", CSH Press, Cold Spring Harbor, 1988. These antibodies can be used, for 
example, for the immunoprecipitation and immunolocalization of proteins according 
to the invention as well as for the monitoring of the synthesis of such proteins, for 
example, in recombinant organisms, and for the identification of compounds 
interacting with the protein according to the invention. For example, surface plasmon 
resonance as employed in the BlAcore system can be used to increase the 
efficiency of phage antibodies seiections, yielding a high increment of affinity from a 
single library of phage antibodies which bind to an epitope of the protein of the 
invention (Schier, Human Antibodies Hybridomas 7 (1996), 97-105; Malmborg, J. 
immunol. Methods 183 (1995), 7-13), Expression of antibodies or antibody-like 
molecules in plants can be achieved by methods well known in the art, for example, 
full-size antibodies (During, Plant Moi. Biol. 15 (1990), 281-293; Hiatt, Nature 342 
(1989), 469-470; Voss, MoL Breeding 1 (1995), 39-50), Fab-fragments (De Neve, 
Transgenic Res. 2 (1993), 227-237), scFvs (Owen, Bio/Technology 10 (1992), 790- 
794; Zimmermann, Mol. Breeding 4 (1998), 369-379; Tavladoraki, Nature 365 
(1993), 469-472) and dAbs (Benvenuto, Plant Mol. Biol. 17 (1991), 865-874) have 
been successfully expressed in Tobacco, Potato (Schouten, FEBS Lett. 415 (1997), 
235-241) or Arabidopsis, reaching expression levels as high as 6.8% of the total 
protein (Fiedler, Immunotechnology 3 (1997), 205-215). 

In addition, nucleic acid molecules encoding mutant forms of a subtilisin-like serine 
protease can be used to interfere with the activity of the wild type protein. Such 
mutant forms preferably have lost their biological activity as defined above and may 
be derived from the corresponding subtilisin-like serine protease by way of amino 
acid deletion(s), substitution(s), and/or additions in the amino acid sequence of the 
protein. As mentioned above, mutant forms of subtilisin-like serine proteases also 
encompass hyper-active mutant forms of such proteins which display, e.g. an 
increased substrate affinity and/or higher substrate turnover of the same. 
Furthermore, such hyper-active forms may be more stable in the cell due to the 
incorporation of amino acids that stabilize proteins in the cellular environment. 
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These mutant forms may be naturally occurring or genetically engineered mutants; 
see also supra. 

The recombinant DNA molecule of the invention preferably comprises regulatory 
sequences allowing for the expression the nucleic acid molecules in plants. 
Preferably, said regulatory elements comprise a promoter active in plant ceils. 
Expression comprises transcription of the nucleic acid molecule preferably into a 
translatable mRNA. Regulatory elements ensuring expression in plant ceils are 
we!! l<nown to those skilled in the art. 

jhese regulatory elements may be homologous or preferably heterologous with 
respect to the nucleic acid molecule to be expressed and/or with respect to the plant 
species to be transformed. For example, a preferred regulatory element that can be 
employed in accordance with the present invention is the SDD1 promoter region as 
depicted in SEQ ID NO: 5 or part thereof. 

Preferably, the promoter region of the SDD1 gene comprising SEQ ID NO: 6 is 
employed, which corresponds to the nucleotide sequence of SEQ ID NO: 5 
starting at position 839. GUS expression studies show that the promoter of SDD1 
of Arabidopsis thaliana in tissues having mitotic activity shows a high activity. For 
example, a very strong GUS expression can be found in developing stomata and 
in primordials, but also a weaker expression in lateral roots. By way of computer- 
assisted studies different domains couid be identified which possibly are 
responsible for the expression pattern of this promoter. On the one hand, a 
domain was identified which allows expression in roots, on the other hand several 
characteristic motifs were identified which are termed Dcf-motifs {see, e.g., 
Yanagisawa and Schmidt, Plant J. 17 (1999), 209-214) and which in the present 
case possibly allow for an expression in guard cells. These motifs have, e.g., 
been described in German patent application DE 19904754.5. it is assumed that a 
(jejetion of the domain, which possibly mediates the expression in roots and which 
is located within the first 400bp of SEQ ID NO: 6, advantageously changes the 
specificity of the promoter. For this reason preferred embodiments of the invention 
use promoter fragments comprising at the 5'-region a deletion of at least 40D- 
450bp or of 450-600bp or at the most 900bp. 
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It is possible for the person skilled in the art to isolate with the help of the coding 
and regulatory sequences of the invention corresponding genes from other 
species, for example, potato, tomato, barley, wheat, oat, rye, rice, corn, soja, etc. 
This can be done by conventional techniques known in the art, for example, by 
using the regulatory sequences depicted in SEQ ID NO: 6 as a hybridization 
probe or by designing appropriate PGR primers, !t is then possible to isolate the 
corresponding promoter region by conventional techniques and test it for its 
expression pattern. For this purpose, it is, for instance, possible to fuse the 
promoter to a reporter gene, such as GUS, luciferase or green fluorescent protein 
(GFP) and assess the expression of the reporter gene in transgenic plants. 
For example the promoters from the two SDD1 homologs from Solanum 
toberosum described in Example 6 can be isolated by conventional means. 
Genomic clones can be amplified, e.g., fragments via long template PGR 
(employing for example the EXPAND kit, Boehringer Mannheim), using an 
upstream oriented SDD1 specific primer and a primer to the Lambda left or right 
arm sequence. The amplified fragment is sequenced via primer walking until 
several kb upstream from the transcription start point have been reached, if 
present on the clone, preferably more than 3 kb. Within the cloned genomic 
sequence, the transcription start site is determined by standard procedures well 
known to the person skilled in the art, such as 5'-RAGE, primer extension or S1 
mapping. To define cis-regulatory elements upstream of the transcription start site 
(i.e. within the putative promoter region), the respective region is fused to marker 
genes such as genes encoding GUS or GFP, and 5' deletion derivatives of these 
construct are generated. They are transformed into suitable plant material, and 
the expression of the marker gene depending on the remaining upstreami 
sequence (putative promoter) is determined. These techniques are well known to 
the person skilled in the art. 

The regulatory sequences so identified may differ at one or more positions from 
the above-mentioned regulatory sequence but still have the same specificity, 
namely they comprise the same or similar sequence motifs, preferably 6 to tO 
nucleotides in lengthy responsible for the above described expression pattern. 
Preferably such regulatory sequences hybridize to one of the above-mentioned 
regulatory sequences, most preferably under stringent conditions. Particularly 



15 

preferred are regulatory sequences which share at least 85%, more preferably 90- 
95%, and most preferably 96-99% sequence identity with one of the above- 
mentioned regulatory sequences and have the same or substantially the same 
specificity. Particularly preferred are the regulatory sequences that comprise the 
above mentioned motifs which allow for an expression in guard cells. Such 
regulatory sequences also comprise those which are altered, for example by 
nucleotide deletion(s). insertion(s), substitution(s}, addition(s), and/or 
recombination(s) and/or any other modification(s) known in the art either alone or 
in combination in comparison to the above-described nucleotide sequence. 
Methods for introducing such modifications in the nucleotide sequence of the 
regulatory sequences of the invention are well known to the person skilled in the 
art. It is also immediately evident to the person skilled in the art that further 
regulatory elements may be added to the regulatory sequences of the invention. 
For example, transcriptional enhancers and/or sequences which allow for induced 
expression of the regulatory sequences of the invention may be employed. 

The possibility exists to modify the regulatory sequences as described above or 
sequence motifs thereof by, e.g., nucleotide replacements which do not affect the 
overall structure or binding motif of the regulatory sequence so that it remains 
capable of conferring the gene expression pattern as described above. Such 
regulatory sequences may be derived from subtilase genes of potato although 
other plants may be suitable sources for such regulatory sequences as well. 
Furthermore, the • nucleotide sequences can be compared using appropriate 
computer programs known in the art such as BLAST, which stands for Basic Local 
Alignment Search Tool (Altschul, 1997; Altschul, J. MoL Evoi. 36 (1993), 290-390; 
Altschul, J. MoL Bioi. 215 (1990); 403-410), to search for local sequence 
alignments. BLAST produces alignments of nucleotide sequences to determine 
sequence similarity. Because of the local nature of the alignments, BLAST is 
especially useful in determining exact matches or in identifying homologues, 

!n general, regulatory elements employed in accordance with the present invention 
comprise a promoter active in plant cells. To obtain expression in all tissues of a 
transgenic plant, preferably constitutive promoters are used, such as the 35S 
promoter of CaMV (Odeii. Nature 313 (1985). 810-812) or promoters of the 



16 

polyubiquitin genes of maize (Christensen, Plant Mol. Biol. 18 (1982), 675-689), in 
order to achieve expression in specific tissues of a transgenic plant it is possible to 
use tissue specific promoters (see, e.g., Stockhaus, EMBO J. 8 (1989), 2245-2251). 
Known are also promoters which are specifically active in tubers of potatoes or in 
seeds of different plants species, such as maize, Vicia, wheat, barley etc. Inducible 
promoters may be used in order to be able to exactly control expression. An 
example for inducible promoters are the promoters of genes encoding heat shock 
proteins. Further useful promoters are described in the prior art; see, e.g.: 

a) inducible promoters: 

described in WO 93/21334 (=alcA/alcR system), WO 90/08826, 
WO 96/37609. 

b) promoters active in photosynthetically active tissue: 

the ST-LS1 promoter (Stockhaus et al., Proc. Natl. Acad. Sci. USA 84 
(1987), 7943-7947; Stockhaus et al., EMBO J. 8 (1989), 2445-2451), the 
Ca/b promoter (see e.g. US-A-5,656,496; US-A-5,639,952; Bansal et al., 
Proc. Natl. Acad. Sci. USA 89 (1992), 3654-3658) and the Rubisco SSU 
promoter (see e.g. US-A-5,034,322; US-A-4,962,028) as well as the STL1 
promoter (Eckes et al., Mol. Gen Genet. 205 (1986), 14-22). 

c) promoters and cis-active elements mediating expression in guard ceils; 

- DE 19904754.5 

- DE 4207358 

- truncated AGPase promoter (Muller-Rober et al., Plant Cell 6 (1994), 
601-612) 

- Rhal promoter (Terryn et al.. Plant Cell 5 (1993), 1761-1769) 

d) promoters mediating expression in meristematic tissue: 

- wheat histone H4 promoter (Bilgin et al., Plant Science 143 (1999), 35- 
44 

- rice PCNA promoter (Kosugi et a!.. Plant J. 7 (1995), 877-886 

- wheat histone H2B promoter (Yang et al., Plant Mol. Biol. 28 (1994), 
155-172 

- cyc07-promoter (Ito et al., Plant Mol. Biol. 24 (1994), 863-878. 

Also microspore-specific regulatory elements and their uses have been described 
(W096/16182). Furthermore, the chemically inducible Tet-system may be employed 
(Gatz, Mol. Gen. Genet. 227 (1991); 229-237). Further suitable promoters are 
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known to the person skilled in the art and are described, e.g., in Ward (Plant MoL 
BioL 22 (1993), 361-366). The reguiatory elements may further compnse 
transcriptional and/or translational enhancers functional in plants cells. A plant 
translational enhancer often used is, e.g., the CaMV omega sequences and/or the 
inclusion of an intron (lntron-1 from the Shrunken gene of maize, for example) that 
has been shown to increase expression levels by up to 100-foid. (Maiti, 
Transgenic Research 6 (1997), 143-156; Ni, Plant Journal 7 (1995), 661-676). 
Furthermore, the regulatory elements may include transcription termination signals, 
such as a poly-A signal, which lead to the addition of a poly A tail to the transcript 
which may improve its stability. The termination signals usually employed are from 
the Nopaiine Synthase gene or from the CaMV 35S RNA gene. 

In a preferred embodiment of the recombinant DNA molecule of the invention, the 
subtilisin-like serine protease is derived from plants. Preferably, said plants are 
monocotyledonous or dicotyledonous plants such as those mentioned 
hereinbefore. A particular preferred embodiment of said plant is Arabidopsis. 

The present invention also relates to vectors, particulariy plasmids, cosmids, 
viruses, bacteriophages and other vectors used conventionally in genetic 
engineering that contain at least one recombinant DNA molecule according to the 
invention. Methods which are well known to those skilled in the art can be used to 
construct various plasmids and vectors; see, for example, the techniques 
described in Sambrook, Molecular Cloning A Laboratory Manual Cold Spring 
Harbor Laboratory (1989) N.Y. and Ausubel, Current Protocols in Molecular 
Biology, Green Publishing Associates and Wiley Interscience, N.Y. (1989). 
Alternatively, the recombinant DNA molecules and vectors of the invention can be 
reconstituted into liposomes for delivery to target cells. 

Advantageously the above-described vectors of the invention comprises a 
selectable and/or scorable marker. Selectable marker genes useful for the 
selection of transformed plant cells, callus, plant tissue and plants are well known 
to those skilled in the art and comprise, for example, antimetabolite resistance as 
the basis of selection for dhfr, which confers resistance to methotrexate (Reiss, 
Plant Physiol. (Life Sci. Adv.) 13 (1994), 143-149); npt. which confers resistance 
to the aminoglycosides neomycin, kanamycin and paromycin (Herrera-Estrella, 
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EMBO J. 2 (1983), 987-995) and hpt, which confers resistance to hygromycin 
(Marsh, Gene 32 (1984), 481-485). Additional selectable genes have been 
described, namely trpB, which allows celis to utilize indole in place of tryptophan; 
hisD, which allows cells to utilize histinol in place of histidine (Hartman, Proc. Natl. 
Acad. Sci. USA 85 (1988), 8047); mannose-6-phosphate isomerase which allows 
cells to utilize mannose (WO 94/20627) and ODC (ornithine decarboxylase) which 
confers resistance to the ornithine decarboxylase inhibitor, 2-(difluoronnethyl)-DL- 
ornithine, DFMO (McConlogue, 1987, In: Current Communications in Molecular 
Biology, Cold Spring Harbor Laboratory ed.) or deaminase from Aspergillus 
terreus which confers resistance to Blasticidin S (Tamura, Biosci. Biotechnol. 
Biochem. 59 (1995), 2336-2338). Useful scorable marker are also known to those 
skilled in the art and are commercially available. Advantageously, said marker is a 
gene encoding luciferase (Giacomin, PI. Sci. 116 (1996), 59-72; Scikantha, J. 
Bact. 178 (1996), 121), green fluorescent protein (Gerdes, FEBS Lett. 389 (1996), 
44-47) or ^-glucuronidase (Jefferson, EMBO J. 6 (1987), 3901-3907). This 
embodiment is particularly useful for simple and rapid screening of cells, tissues 
and organisms containing a vector of the invention. As described above, various 
selectable markers can be employed in accordance with the present invention. 
Advantageously, selectable markers may be used that are suitable for direct 
selection of transformed plants, for example, the phophinothricin-N- 
acetyltransferase gene the gene product of which detoxifies the herbicide L- 
phosphinothricin (glufosinate or BASTA); see, e.g., De Block, EMBO J. 6 (1987), 
2513-2518 and Droge, Planta 187 (1992), 142-151. 

The present invention, also relates to host cells comprising a recombinant DNA 
molecule or vector of the invention. Host cells include prokaryotic and eukaryotic 
cells such as E. coli and yeast respectively. 

jhe recombinant DNA molecules according to the invention are in particular useful 
for the genetic manipulation of plant cells, plant tissue and plants in order to obtain 
plants with modified, preferably with improved or useful phenotypes as described 
above. Thus, the present invention relates to a method for the production of 
transgenic plants with altered stomata characteristica compared to wild type 
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plants comprising the introduction of a recombinant DNA molecule of the invention 
into the genome of a plant, plant cell or plant tissue. 

Methods for the introduction of foreign DNA into plants as well as the selection and 
regeneration of transgenic plants from plant ceils and plant tissue are also well 
known in the art. These include, for example, the transformation of plant cells, plant 
tissue or plants with T-DNA using Agrobacterium tumefaciens or Agrobacterium 
rhizogenes, the fusion of protoplasts, direct gene transfer (see, e.g., EP-A 164 575), 
injection, eiectroporation, biolistic methods like particle bombardment and other 
methods known in the art. The vectors used in the method of the invention may 
contain further functional elements, for example "left border"- and "right border"- 
sequences of the T-DNA of Agrobacterium which allow for stable integration into 
the plant genome. Furthermore, methods and vectors are known to the person 
skilled in the art which permit the generation of marker free transgenic plants, i.e. 
the selectable or scorable marker gene is lost at a certain stage of plant 
development or plant breeding. This can be achieved by, for example 
cotransformation (Lyznik, Plant Moi. Biol. 13 (1989), 151-161; Peng, Plant Moi. 
Biol. 27 (1995), 91-104) and/or by using systems v/hich utilize enzymes capable 
of promoting homologous recombination in plants (see, e.g., VVO97/08331; 
Bayley, Plant Moi Biol. 18 (1992), 353-361); Lloyd, MoL Gen. Genet 242 (1994), 
653-657; Maeser, Moi. Gen. Genet. 230 (1991), 170-176; Onouchi, Nucl. Acids 
Res. 19 (1991), 6373-6378). Methods for the preparation of appropriate vectors 
are described by, e.g., Sambrook (Molecular Cloning; A Laboratory Manual, 2nd 
Edition (1989), Cold Spring Harbor Laboratory Press, Cold Spring Harbor, NY). 
Suitable strains of Agrobacterium tumefaciens and vectors as well as 
transformation of Agrobacteria and appropriate growth and selection media are 
well known to those skilled in the art and are described in the prior art (G\/3101 
(pMK90RK), Koncz. MoL Gen. Genet. 204 (1986), 383-396; C58C1 (pGV 
3850kan), Deblaere, NucL Acid Res. 13 (1985), 4777; Bevan, Nucleic. Acid Res. 
12(1984), 8711; Koncz, Proc. Natl. Acad. Sci. USA 86 (1989), 8467-8471; Koncz, 
Plant Moi. BioL 20 (1992), 963-976; Koncz, Specialized vectors for gene tagging and 
expression studies. In: Plant Molecular Biology Manual Vol 2, Gelvin and 
Schilperoort (Eds.), Dordrecht, The Netheriands: Kluwer Academic Pub!. (1994), 1- 
22; EP-A-120 516; Hoekema: The Binary Plant Vector System, Offsetdrukkerij 
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Kanters B.V., Alblasserdam (1985), Chapter V, Fraiey, Crit. Rev. Plant. Sci., 4, 1~ 
46; An, EMBO J. 4 (1985), 277-287), Although the use of Agrobacterium 
tumefaciens is preferred in the method of the invention, other Agrobacterium strains, 
such as Agrobacterium rhizogenes, may be used, for example if a phenotype 
conferred by said strain is desired. 

Methods for the transformation using biolistic methods are well known to the person 
skilled in the art; see, e.g., Wan, Plant Physiol, 104 (1994), 37-48; Vasil, 
Bion"echnology 1 1 (1993), 1553-1558 and Christou (1996) Trends in Plant Science 
1, 423-431. Microinjection can be performed as described in Potrykus and 
Spangenberg (eds.), Gene Transfer To Plants. Springer Veriag, Berlin, NY (1995). 
The transformation of most dicotyledonous plants is possible with the methods 
described above. But also for the transformation of monocotyiedonous plants 
several successful transformation techniques have been developed. These include 
the transformation using biolistic methods as, e.g., described above as well as 
protoplast transformation, eiectroporation of partially permeabilized cells, 
introduction of DNA using glass fibers, etc. Transgenic plant tissue and plants can 
be regenerated by methods well known in the art. There are various references in 
the relevant literature dealing specifically with the transformation of maize (cf e.g. 
WO95/06128, EP O 513 849; EP 0 455 876). in EP 292 435 a method is described 
by means of which fertile plants may be obtained starting from mucousless, friable 
granulous maize callus. In this context it was furthermore observed by Shillito et a!., 
Bio/Technology 7 (1989), 581 that for regenerating fertile plants it is necessany to 
start from calius-suspension cultures from which a culture of dividing protoplasts can 
be produced which is capable to regenerate to plants. After an in vitro cultivation 
period of 7 to 8 months Shillito et ai. obtain plants with viable descendants which, 
however, exhibited abnormalities in morphology and reproductivity. 

Prioli and Sondahl, BicA"echnology 7 (1989), 589 have described how to regenerate 
and to obtain fertile plants from maize protoplasts of the Cateto maize inbreed Cat 
100-1. The authors assume that the regeneration of protoplasts to fertile plants 
depends on a number of various factors such as the genotype, the physiological 
state of the donor-cel! and the cultivation conditions. With regard to rice various 
transformation methods can be applied, e.g. the transformation by agrobacterium- 
medicated gene transfer (Hiei et aL, Plant J. 6 (1994), 271-282; Hiei et a!., Plant Mol, 
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Bioi. 35 (1997), 205-218; Park et aL, J. Plant BioL 38 (1995), 365-371). protoplast 
transformation (Datta in "Gene transfer to plants", L Potrykus, G. Spangenberg 
(Eds.), Springer-Veriag Berlin Heidelberg (1995), pages 66-75; Datta et al., Plant 
MoL Biol. 20 (1992), 619-629; Sadasivam et aL, Plant Ceil Rep. 13 (1994), 394- 
396), the biolistic approach (Li et aL, Plant Cell Rep. 12 (1993), 250-255; Cao et aL, 
Plant Cell Rep. 11 (1992), 586-591; Christou, Plant MoL Bioi. (1997), 197-203) and 
electroporation (Xu et aL, in "Gene transfer to plants", 1. Potrykus, G. Spangenberg 
(Eds,): Springer-Verlag Berlin Heidelberg (1995), pages 201-208. 

Once the introduced DNA has been integrated in the genome of the plant cell, it 
usually continues to be stable there and also remains with the descendants of the 
originally transformed ceil, it usually contains a selectable marker which confers 
resistance against biozides or against an antibiotic such as kanamycin, G 418, 
bleomycin, hygromycin or phosphinotricine etc, to the transformed plant ceils. The 
individually selected marker should therefore allow for a selection of transformed 
cells against ceils lacking the introduced DNA. 

The transformed ceils grow in the usual way within the plant (see also McCormick et 
aL, Plant Cell Rep, 5 (1986), 81-84). The resulting plants can be cultivated in the 
usual way and cross-bred with plants having the same transformed genetic heritage 
or another genetic heritage. The resulting hybrid individuals have the corresponding 
phenotypic properties. 

Two or more generations should be grown in order to ensure whether the 
phenotypic feature is kept stably and whether it is transferred. Furthermore, seeds 
should be harvested in order to ensure that the corresponding phenotype or other 
properties will remain. 

in general, the plants, plant cells and plant tissue which can be modified with a 
recombinant DNA molecule or vector according to the invention can be derived from 
any desired plant species. They can be monocotyiedonous plants or dicotyledonous 
plants, preferably they belong to plant species of interest in agriculture, wood culture 
or horticulture, such as crop plants (e.g. maize, rice, barley, wheat, rye, oats etc), 
vegetable plants such as tomato, melon, banana, chicoree, salad, cabbage or 
potato, tobacco, alfalfa, clover, oil producing plants (e.g. oilseed rape, sunflower, 
peanut, soybean, etc.), cotton, sugar beet, linseed, flax, millet, hemp, sugar cane, 
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leguminous plants (e.g. beans, peas etc), wood producing plants, preferably trees, 
etc. 

Thus, the present invention relates also to transgenic plant cells which contain a 
nucleic acid molecule as defined above or a recombinant DNA molecule or vector 
according to the invention wherein the nucleic acid molecule is foreign to the 
transgenic plant cell. 

By "foreign" it is meant that the nucleic acid molecule is either heterologous with 
respect to the plant cell, this means derived from a cell or organism with a 
different genomic background, or is homologous with respect to the plant cell but 
located in a different genomic environment than the naturally occurring 
counterpart of said nucleic acid molecule. This means that, if the nucleic acid 
molecule is homologous with respect to the plant cell, it is not located in its natural 
location in the genome of said plant cell when stably integrated into the genome, 
in particular it is surrounded by different genes. In this case the nucleic acid 
molecule may be either under the control of its own promoter or under the control 
of a heterologous promoter. The nucleic acid molecule, vector or recombinant 
DNA molecule according to the invention which is present in the plant eel! may 
either be integrated into the genome of the plant cell or it may be maintained in 
some form extrachromosomaily. 

In one aspect the present invention relates to a transgenic piant ceii comprising 
stably integrated into the genome a recombinant DNA molecule of the invention or a 
vector of the present invention or obtainable according to the method of the 
invention wherein the expression of the nucleic acid molecule results in an increased 
expression or activity of subtilisin-like serine proteases in transgenic plants 
compared to wild-type plants. 

The term "increase in activity" in the context of the present invention is understood 
to mean an increase in the expression of endogenous genes coding for a protein 
of the invention and/or an increase of the amount of the protein of the invention in 
the cells. 

The increase in expression can for example be determined by measuring the 
amount of transcripts encoding the protein of the invention, e.g., by Northern-blot 
analysis, preferably by the more sensitive NASBA method (as e.g. described by 



23 

Leone et al., Journal of Virological Methods 66 (1997), 19-27; Leone et a\,, 
Nucleic Acid Res. 26 (1998), 2150-2155; Nakahara et aL, Nucieic Acid Res. 26 
(1998), 1854-1856) or by RT-PCR. Preferably, an increase in this context means 
an increase of the amount of transcripts encoding subtilases as compared to 
corresponding cells which are not genetically modified by at least 5%, more 
preferably by at least 20%, in particular by at least 50%, and most preferably by at 
least 400%, 

Preferably, the increased expression or activity of subtilisin-like serine proteases in 
transgenic plants results in decreased stomata density, see, e.g., Example 7. 
The increase of the amount of the protein of the invention can for example be 
determined by Western-blot analysis. Preferably, an increase in this context 
means an increase of the amount of the protein of the invention as compared to 
corresponding ceils which are not genetically modified by at least 5%, more 
preferably by at least 20%, in particular by at least 50%, and most preferably by at 
least 400%. 

Alternatively, a plant cell having a nucleic acid molecule encoding a subtilisin-like 
serine protease present in its genome can be used and modified such that said 
plant cell expresses the endogenous gene corresponding to this nucleic acid 
molecules under the control of heterologous promoter and/or enhancer elements. 
The introduction of the heterologous promoter and mentioned elements which do 
not naturally control the expression of a nucleic acid molecule encoding a 
subtiiisin-like serine protease using, e.g., gene targeting vectors can be done 
according to standard methods, see supra and, e.g., Hayashi, Science 258 
(1992), 1350-1353; Fritze and Walden, Gene activation by T-DNA tagging. !n 
Methods in Molecular biology 44 (Gartland, K.M.A. and Davey, M.R., eds). 
Totowa: Human Press (1995), 281-294) or transposon tagging (Chandlee, 
Physiologia Plantarum 78 (1990), 105-115), Suitable promoters and other 
regulatory elements such as enhancers include those mentioned hereinbefore. 

Furthermore, the present invention relates to transgenic plants or plant tissue 
comprising plant cells of the invention or obtainable by the above described method 
Preferably, the transgenic plant of the invention displays a decreased stomata 
density, lower conductance of stomata and/or the water consumption is lowered 
compared to wild type plants. 
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Methods for determining stomata! density, leaf conductance and water 
consumption comprise the following: 

- Method for determining stomatal density by means of taking copies using dear 
nai! varnish as descnbed in Sachs et aL, Annals of Botany 71 (1993), 237-243. 

-Method for determining conductance as described in Muschak et aL, 
Photosynthetica 33 (1997), 455-465. 

- Methods for determining water consumption are known to the person skilled in 
the art. 

Preferably, the transgenic piant of the invention displays one or more of the 
following phenotypes: 

a) stomatal density: reduced by at least 2%, preferably by at least 5%, more 
preferably by at least 10%, most preferably by at least 30%; 

b) conductance reduced by at least 2%o, preferably by at least 5%o, more 
preferably by at least 10%, most preferably by at least 25%; 

c) water consumption reduced by at least 1%, preferably by at least 3%, more 
preferably by at least 5%, most preferably by at least 10%; 

as compared to a corresponding wild type plant 

in another aspect, the present invention relates to a transgenic plant eel! which 
contains stably integrated into the genome a recombinant DNA molecule of the 
invention or part thereof, a vector of the present invention or obtainable according to 
the method of the invention, wherein the presence, transcription and/or expression 
of the nucleic acid molecule or part thereof leads to reduction of the synthesis or the 
activity of subtilisin-like serine proteases in transgenic plants compared to v^ild type 
plants. 

Usually the activity will be reduced by at least 10%), preferably by at least 20%, 
more preferably by at least 70%, most preferably by at least 100%. Methods of 
how to determine a decrease in activity as well as the definition of the term 
"activity" have been mentioned in the above. As it appears to be the case that, 
even minor changes in the amount of expression can have some effect on the 
phenotype of the plant methods such as NASBA analysis and RT-PCR which are 
considerably more sensitive in place of the Northern-blot analysis are employed 
for the analysis of the transgenic plant. 
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Preferably, said reduction is achieved by an antisense, sense, ribozyme. co- 
suppression in vivo mutagenesis and/or dominant mutant effect. Therefore, DNA 
molecules encoding an antisense RNA which is complementary to transcripts of a 
DNA molecule of the invention are also the subject matter of the present invention, 
as well as these antisense molecules. Thereby, complementarity does not signify 
that the encoded RNA has to be 100% complementary. A low degree of 
complementarity is sufficient, as long as it is high enough in order to inhibit the 
expression of a protein of the invention upon expression in plant cells. The 
transcribed RNA is preferably at least 90% and most preferably at least 95% 
complementary to the transcript of the nucleic acid molecule of the invention. In 
order to cause an antisense-effect during the transcription in plant cells such DNA 
molecules have a length of at least 15 bp, preferably a length of more than 100 bp 
and most preferably a length or more than 500 bp, however, usually less than 5000 
bp, preferably shorter than 2500 bp. 

The Invention further relates to DNA molecules which, during expression in plant 
cells, lead to the synthesis of an RNA which in the plant ceils due to a cosupression- 
effect reduces the expression of the nucleic acid molecules of the invention 
encoding the described protein. The invention also relates to RNA molecules 
encoded thereby. The principle of the cosupression as well as the production of 
corresponding DNA sequences is precisely described, for example, in WO90/12084, 
Jorgensen, Trends Biotechnol. 8 (1990), 340-344; Niebel et al. (Curr. Top. Microbiol. 
Immunol. 197 (1995), 91-103; Flavell et al. (Curr. Top. Microbiol. Immunol. 197 
(1995), 43-36; Palaqui and Vaucheret, Plant. Mol. Biol. 29 (1995), 149-159; 
Vaucheret et al., Mol. Gen, Genet. 248 (1995), 311-317; de Borne et al., Mol. Gen. 
Genet. 243 (1994), 613-621 and in other sources. 

Such DNA molecules preferably encode an RNA having a high degree of homology 
to transcripts of the nucleic acid molecules of the invention, it is, however, not 
absolutely necessary that the coding RNA is translatable into a protein. 

In a further embodiment the present invention relates to DNA molecules encoding 
an RNA molecule with ribozyme activity which specifically cleaves transcripts of a 
DNA molecule of the invention as well as these encoded RNA molecules. 
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Ribozymes are catalyticaily active RNA molecules capable of cleaving RNA 
molecules and specific target sequences. By means of recombinant DNA 
techniques it is possible to alter the specificity of ribozymes. There are various 
classes of ribozymes. For practical applications aiming at the specific cleavage of 
the transcript of a certain gene, use is preferably made of representatives of two 
different groups of ribozymes. The first group is made up of ribozymes which belong 
to the group 1 intron ribozyme type. The second group consists of ribozymes which 
as a characteristic structural feature exhibit the so-caiied "hammerhead" motif. The 
specific recognition of the target RNA molecuie may be modified by altering the 
sequences flanking this motif. By base pairing with sequences in the target molecule 
these sequences determine the position at which the catalytic reaction and therefore 
the cleavage of the target molecule takes place. Since the sequence requirements 
for an efficient cleavage are low, it is in principle possible to develop specific 
ribozymes for practically each desired RNA molecuie. 

In order to produce DNA molecules encoding a ribozyme which specifically cleaves 
transcripts of a DNA molecule of the invention, for example a DNA sequence 
encoding a catalytic domain of a ribozyme is bilaterally linked with DNA sequences 
which are homologous to sequences encoding the target protein. Sequences 
encoding the catalytic domain may for example be the catalytic domain of the 
satellite DNA of the SCMo virus {Davies et al., Virology 177 (1990), 216-224 and 
Steinecke et aL, EMBO J. 11 (1992), 1525-1530) or that of the satellite DNA of the 
TobR virus (Haseloff and Geriach, Nature 334 (1988), 585-591), The DNA 
sequences flanking the catalytic domain are preferably derived from the above- 
described DNA molecules of the invention. The expression of ribozymes in order to 
decrease the activity in certain proteins in cells is also known to the person skilled 
in the art and is, for example, described in EP-A1 0 321 201. The expression of 
ribozymes in plant cells was. for example, also described, in Feyter et al. (MoL 
Gen. Genet 250 (1996), 329-338). 

In a preferred embodiment this reduction is effected by means of an antisense 
effect. For this purpose the DNA molecules of the invention or parts thereof are 
linked in antisense orientation with a promoter ensuring the transcription in plant 
cells and possibly with a termination signal ensuring the termination of the 
transcription as well as the poiyadenyiation of the transcript, in order to ensure an 
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efficient antisense effect in the plant cells the synthesized antisense RNA should 
exhibit a minimum length of 15 nucleotides, preferably of at least 100 nucleotides 
and most preferably of at least 500 nucleotides. Furthermore, the DNA sequence 
encoding the antisense RNA should be homologous with respect to the plant 
species to be transformed. However, DNA sequences exhibiting a high degree of 
homology to DNA sequences which are present in the cells in endogenic form 
may also be used, preferably with a homology of more than 95%. To inhibit gene 
expression of the nucleic acid molecule of the invention, preferably DNA 
molecules are used that show a homology, i.e. identity to the nucleotide 
sequences of SEQ ID NO: 1, 7,. 9 or 1 1 of at least 90%, more preferably at least 
93%; in particular at least 95% and most preferably at least 98%, 

In a further embodiment the reduction of the amount of proteins encoded by the 
DNA molecules of the invention is effected by a ribozyme effect The basic effect of 
ribozymes as wei! as the construction of DNA molecules encoding such RNA 
molecules have already been described above. In order to express an RNA with 
ribozyme activity in transgenic cells the above-described DNA molecules encoding a 
riboyzme are linked with DNA elements which ensure the transcription in plant ceils, 
particularly with a promoter and a termination signal. The ribozymes synthesized in 
the plant ceils lead to the cleavage of the mRNA encoding the subtilisin-like serine 
proteases described above. 

Furthermore, the subti!isin-!ike serine protease activity in the plant cells of the 
invention can also be decreased by the so-called 'In vivo mutagenesis" also 
called "chimerapiasty", for which a hybrid RNA-DNA oligonucleotide 
("chimeroplast") is introduced into ceils by transformation of ceiis (Zhu et al., Proc. 
Nat!. Acad. Sci. 96 (1999), 8768-8773, Kipp et a!., poster session at the 5^^ 
International Congress of Plant Molecular Biology^ September 21-27, 1997, 
Singapore; Dixon and Arntzen, meeting report on "Metabolic Engineering in 
Transgenic Plants", Keystone Symposia, Copper Mountain, CO, USA, TIBTECH 15 
(1997), 441-447; W095/15972; Kren et a!., Hepatology 25 (1997), 1462-1468; Cote- 
Strauss et al., Science 273 (1995), 1386-1389). 

Part of the DNA component of the RNA-DNA oligonucleotide is homologous to a 
nucleic acid sequence of an endogenous subtilisin-like serine protease, in 
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comparison to the nucleic add sequence of the endogenous subtilisin-like serine 
protease it displays, however, a mutation or contains a heterologous region which 
is surrounded by the homologous regions. By means of base pairing of the 
homologous regions of the RNA-DNA oligonucleotide and of the endogenous 
nucleic acid molecule followed by a homologous recombination the mutation 
contained in the DNA component of the RNA-DNA oligonucleotide or the 
heterologous region can be transferred to the genome of a plant cell. This results 
in a decrease of the activity. 

In addition, the present invention relates to transgenic plants or plant tissue 
comprising the above described plant cells of the invention. 

in a preferred embodiment the transgenic plant displays increased stomata! 
density, higher conductance of stomata and/or higher content of sugars and 
protein in plant leaves or other tissue or organs, compared to wild type plants. An 
increase in the stomatal density is understood to refer to an elevated content of 
stomata in all aerial plant organs, preferably in the leaves of plants of the present 
invention in the order of at least about 10% compared to the corresponding non- 
transformed wild type plant, which already provides for beneficial effects on the 
vitality of the plant such as, e.g., improved dry matter. Advantageously^ the 
stomatal density is increased by at least about 50%, preferably by more than 
about 75%, particularly preferred at least about more than 100% and still more 
preferably more than about 200%. With respect to a decrease- in the stomatal 
density due to the increased expression or activity of subtilisin-like serine 
proteases according to the invention in the transgenic plant of the invention, the 
stomatal density is decreased by at least 2%, preferably by more than 5%, 
particulariy preferred at least about more than 10%, and still more preferably more 
than about 30%. Preferably, the transgenic plant of the invention shows a yield 
increase, preferably with respect to a harvestable part of the plant 
The term 'Yield increase" in the present context is understood to mean preferably 
an increase in production of ingredients, in particular soluble sugars and/or 
proteins and/or biomass, in particular if measured in fresh or dry weight per plant. 
An increase in protein and/or sugar content in this context means that the protein 
content in the plant ceils of the invention is increased by at least 5%, preferably by 
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at least 20%, in particular by at least 50% and most preferably by at least 75% as 
compared to plant cells of wild type plants that are not modified and/or the sugar 
content is increased by at least 5%, preferably by at least 25%, in particular by at 
least 50% and most preferably by at least 75% as compared to plant cells of wild 
type plants that are not modified. 

Methods for determining sugar and protein content are known to the person 
skilled in the art. 

The term yield increase" means an increase of dry weight by least 3%, preferably 
by at least 10%, in particular by at least 20% and most preferably by at least 3Q% 
and/or an increase in fresh weight by least 2%, preferably by at least 5%, in 
particular by at least 10% and most preferably by at least 20%, 

In yet another aspect, the invention also relates to harvestable parts and to 
propagation material of the transgenic plants according to the invention which 
contain transgenic plant cells described above, i.e. at least one recombinant DNA 
molecule or vector according to the invention and/or which are derived from the 
above described plants. Harvestable parts can be in principle any useful parts of a 
plant, for example, leaves, stems, flowers, fruit, seeds, roots etc. Propagation 
material includes, for example, seeds, fruits, cuttings, seedlings, tubers ^, rootstocks 
etc. 

!n addition, the present invention relates to a kit comprising the recombinant DNA 
molecule or the vector of the invention. The kit of the invention may contain further 
ingredients such as selection markers and components for selective media 
suitable for the generation of transgenic plant cells, plant tissue or plants. The kit 
of the invention may advantageously be used for carrying out the method of the 
invention and could be, inter alia, employed in a variety of applications, e.g., in the 
diagnostic field or as research tool. The parts of the kit of the invention can be 
packaged individually in vials or in combination in containers or multicontainer 
units. Manufacture of the kit follows preferably standard procedures which are 
known to the person skilled in the art. The kit or its ingredients according to the 
invention can be used in plant cell and plant tissue culture, for example in 
agriculture. The kit of the invention and its ingredients are expected to be very 
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useful in breeding new varieties of, for example, plants which display improved 
properties such as those described herein. 

Thus, the present invention aiso relates to a method for the production of a 
transgenic plant comprising an increased yield and/or increased stomatal density 
compared to wild type plants, wherein 

(a) a plant cell is genetically modified by the introduction of a foreign nucleic 
acid molecule the presence of which or the expression of which results in a 
decreased activity of a subtilase; 

(b) a plant is regenerated from the cell prepared according to step (a); and 

(c) further plants, if any, are generated from the plant prepared according to 
step (b). 

Likewise, the present invention relates to a method for the production of a 
transgenic plant having a decreased water consumption and/or decreased 
■ stomatal density compared to wild type plants wherein 

(a) a plant ceil is genetically modified by the introduction of a foreign nucleic 
acid molecule the presence of which or the expression of which results in 
an increased activity of a subtilase; 

(b) a plant is regenerated from the cell prepared according to step (a); and 

(c) further plants, if any, are generated from the plant prepared according to 
step (b). 

Furthermore, the present invention relates to use of at least one nucleic acid 
molecule encoding and/or regulating the expression of a subtilisin-like serine 
protease, a nucleic acid molecule hybhdizing with such a nucleic acid molecule, a 
nucleic acid molecule encoding a product that interferes with the expression or 
activity of subtilisin-like serine proteases in plants, or a recombinant DNA 
molecule or vector of the invention in the production of transgenic plants for 
increasing yield, and/or increasing stomatal density, and/or increasing leaf fresh 
and/or dry weight, and/or increasing leaf dry matter content, and/or increasing 
sugar content in leaves, and/or increasing protein content in leaves, and/or 
increasing C02-assimilation, and/or sustaining photosynthesis (prevention of 
photoinhibition) under conditions of high irradiance (see Example 1), and/or 
changing the water consumption of plants, and or couteracting the consequences 
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Of changing environmental contitions with respect to stomatal density by the 
inhibition or stimulation of a subtilisin-like serine protease encoding gene. 
Preferably such nucleic acid molecules are derived from plant genes encoding 
subtilases., .Modulation of the activity of these genes leads to several 
morphological and physiological changes that are useful for the engineering of 
improved plants for agriculture, wood culture, or horticulture. Furthermore, the 
above described nucleic acid molecules and the recombinant DNA molecules and 
vectors according to the invention may be useful for the alteration or modification 
of plant/pathogene interaction. The term "pathogen" includes, for example, 
bacteria, viruses and fungi as well as protozoa. The plants, plant tissue and plant 
cells of the invention as well as harvestable parts and propagation of such plants 
can be used for the preparation of feed and food or additives therefor. 

Deposit 

One piasmid produced and used within the scope of the present invention was 
deposited at the Deutsche_ Sammlung von Mikroorganismen und Zellkulturen 
(German Collection of Microorganisms and Cell Cultures) (DSMZ) in Braunschweig, 
Federal Republic of Germany, which is recognized as an international depository, in 
accordance with the requirements of the Budapest Treaty on the International 
Recognition of the Deposit of Microorganisms for the Purposes of Patent Procedure. 
On October 4, 1999 the following piasmid pAH 14/58 was deposited at the German 
Collection of Microorganisms and Cell Cultures, (DSMZ) (Deposit number): DSM 
13076 

These and other embodiments are disclosed and encompassed by the description 
and examples of the present invention. Further literature concerning any one of 
the methods, uses and compounds to be employed in accordance with the 
present invention may be retrieved from public libraries, using for example 
electronic devices. For example the public database "Medline" may be utilized 
which is available on the Internet, for example under 
http.V/www.ncbi. nlm.nih.gov/PubMed/medline.html. Further databases and 
addresses, such as http://www.ncbi.nlm.nih.gov/, http://www.infobiogen.fr/, 
http://www.fmi.ch/biology/research_tools.html, http://www.tigr.org/, are known to 
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the person skilied in the art and can also be obtained using, e.g., 
http;//vv\vw. lycos, com. An overview of patent information in biotechnology and a 
survey of relevant sources of patent information useful for retrospective searching 
and for current awareness is given in Berks, TIBTECH 12 (1994), 352-364. 

The Figures show: 

Figure 1: Top: Release of water vapour (transpiration) from leaves of the 
wildtype (wt) and the R-558 mutant (R-558) at irradiances of 300 pE 
,(pmol m'^ s"'^) and 1200 pE (pmol m"^ s'^) of white light measured by 
an infrared gas analyzer. 

Bottom: Net uptake of CO2 (assimilation) into leaves of the wildtype 
and the R-558 mutant (R-558) at irradiances of 300 pE (pmcl m"^ s"^) 
and 1200 pE (pmol m"^ s'^) of white light measured by an infrared 
gas analyzer. 

Figure 2: Schematic representation of the SDD1 protein marked v/ith the 
amino acid positions bordering the putative pre- and the pro- 
sequence and the positions of the four invariant amino acids (D, H, 
N. S) found in all known subtilisins. Furthermore, the consequence 
of the mutation present in the R-558 mutant is indicated which 
converts the R codon at amino acid position 492 into a stop codon 
leading to the formation of a C-terminally truncated protein lacking 
the essential serine residue at position 552 (S552), 

Figure 3: Schematic representation of the plasmid pG~SDD1 

Fragment A: 7067 bp Sail - EcoRV subfragment of the BAG 
IGF20D22 that includes the 2328 bp coding region of 
SDD1 in addition to 2 kb upstream DNA (promoter) and 
2,8 kb downstream DNA was inserted into the Sail and 
Smal sites of the vector pBIB-Hyg. 

Vector: pBlB-Hyg (Becker, 1990, Nucleic Acids Res. 18, 203). 
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Figure 4: Schematic representation of the piasmid p35S-SDD1 

Fragment A: 35S promoter of the Cauliflower Mosaic Virus; 

(Gardner et_ al., _1981. _./Vt/c/e/c Acids, Res. 9, 2871- 

2888} 

Fragment B: 2328 nucleotides coding region of the SDD1 gene 
(SEQIDNo. 1) 

Fragment C: polyadenyiation signal of the gene 3 from the T-DNA of 
the Ti-plasmid pTi ACH 5 (Gielen et ai., 1984, EMBO J. 
3, 835-846) 

Vector: pBIB-Hyg (Becker, 1990, Nucleic Acids Res. 18, 203). 

Figure 5: Sequence alignments in the four highly conserved domains, the D 
region, the H region, the substrate binding site, and the S region of 
the subtilisins Subtilisin BPN' (Wells et ai. 1983, Nucleic Acids Res. 
11, 7911-7925), the KEX2 of yeast (Mizuno et al. 1988, Biochem. 
Biophys. Res. Commun. 156, 245-254), the human FURIN/PACE 
(Wise et al. 1990, Proc. Natl. Acad. Sci USA 87, 9378 - 9382), the 
human PC1/PC3 (Seidah et al., 1991, Mol. Endocrinol. 5, 111 - 122; 
Smeekens.et al., 1991, Proc. Natl. Acad. Sci. USA 88, 340 - 344), 
the CUCUMiSiN from Cucumis melo (Yamagata et ai., 1994, J. Biol. 
Chen). 269, 32725 - 32731), LeP69 from Lycopersicon esculentum 
(Tornero et al., 1996, Proc. Natl. Acad. Sci. USA 93, 6332 - 6337), 
the AG12 from AInus glutinosa (Ribeiro et a!., 1995, Plant Cell 7, 
785 - 794) and of SDD1. The positions of the invariant amino acids 
are marked with *. Identical amino acids present at corresponding 
positions in the different subtilisins are highlighted with black boxes. 

Figure 6: Schematic representation of the piasmid p35S-aSDD1 

Fragment A: 35S promoter of the Cauliflower Mosaic Virus; 

(Gardner et al., 1981, Nucleic Acids Res. 9, 2871- 
2888) 
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Fragment B: 2079 bp - fragment (position 74 - 2153 according to 
the sequence shown in SEQ ID No. 1) of the SDD1 
gene inserted in antisense orientation to the 35S 
.^promoter. 

Fragment C: polyadenylation signal of the gene 3 from the T-DNA of 
the Ti-piasmid pTi ACH 5 (Gielen et aL, 1984, EMBO J. 
3, 835-846) 

Vector: pBlB-Hyg (Becker, 1990, Nucleic Acids Res. 18, 203), 

Figure 7: Amino acid comparison of three different subtilases; 

at_subp1=Subtilase from Arabidopsis thaliana, see SEQ ID No. 2, 
st_subp1=Subti[ase from Solanum tuberosum, see SEQ ID No. 8; 
st_subp2=Subtj!ase from Solanum tuberosum, see SEQ ID No. 12. 

The Examples illustrate the invention: 

Example 1: H2O transpiration and CO2 assimilation are increased in the 
Arabidopsis thaliana R-558 mutant particularly under conditions of high 
irradiance 

Arabidopsis thaliana R-558 mutant plants and corresponding wildtype plants (wt) 
were grown until bolting in soil (Einheitserde Typ P / Einheitserde Typ T / sand: 2 / 
1/1) under standard culture conditions in a climatised growth chamber at 16 h 
photoperiod (180 jjmol m"^ fluorescent light; lamp type: TLD36W/840 and 
TLD36W/830, Philips, Hamburg, Germany) with day and night temperature and 
relative humidity of 20X, 60% relative humidity and 16X, 75% relative humidity, 
respectively. Single leaves (n=10) were clamped into a gas exchange 
measurement chamber of an infrared gas analyzer (Walz, Effeltrich, Germany) 
v/ith H2O release from as well as CO2 uptake into the leaves were measured 
according to the procedure described by Muschak et al, {Photosynthetica 33, 455- 
465, 1997). As shown in Figure 1, the leaves of the mutant plants showed 
increased transpiration of H2O and increased assimilation (net uptake) of CO2 
under low light (300 |jmol m~^ s"'') and under high light (1200 pmoS m'^ s') 
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conditions applied during the measurements. Enhancement of CO2 assimiiation, 
being almost double in the R-558 mutant in comparison to the wild type, was most 
prominent under the high light conditions which caused a depression of CO2 
assimilation in the _ wild, type in comparison to the low light conditions 
(photoinhibition). 

Example 2: isolation of the SDD1 gene through map-based gene cloning 

The genetic locus affected by the mutation in the R-558 mutant has previously 
been mappe'd to the top arm of the Arabidopsis thaliana chromosome 1 to an 
interval of approximately 0.59 cM bordered by the molecular markers IGF- 
20G19LE and IGF-25I3RE (D. Berger, 1997, PhD Thesis Freie Universitat Beriin). 
Two clones of the Arabidopsis thaliana genomic IGF-BAC library (iVlozo et al., 
1998, MoL Gen. Genet 258, 562-570), IGF20D22 and IGF21M11, which fully 
cover this region, were sequenced by the SPP consortium (see http://sequence- 
www.stanford.edu/ara/SPP.html) as part of the Arabidopsis genome initiative 
(Bevan et aL, 1997^ Plant Cell 9, 476-478; http://genome- 
www.stanford.edu/Arabidopsis/agi.html). The 0.59 clVI region was thus identified 
to cover 113 kb of genomic DNA sequence. In order to identify the SDD1 gene 
corresponding to the mutant locus, this region was scanned for mutations by 
application of the restriction SSCP- (single strand conformational polymorphism) 
technique (Dean and Gerrard, 1991, BioTechniques 10, 332 - 333; Iwahana et aL, 
1992, BioTechniques 12, 64 - 66) which for this purpose was adapted for the use 
in plants. This approach is novel and has not been applied for mutation scanning 
in plants before. Thus, 57 DNA fragments of 2-kb each, were separately PGR 
amplified from total DNA of wild type and R-SSS plants and after digestion with Alu 
i and/or Hinf i they were analysed through polyacrylamid gei electrophoresis as 
described by Dean and Gerrard, 1991 {BioTecliniques 10, 332 - 333) and 
Iwahana et al.. 1992 (BioTechniques 12, 64 - 56). A single SSCP was detected 
that discriminated between the two genotypes and which upon sequencing of the 
corresponding DNA fragments was shown to be caused by a single C/G -> T/A 
mutation (Seq. ID No. 1; Seq. ID No. 3). This mutation introduced a premature 
stop codon into an ORF of a predicted gene spanning 2328 bp that encoded for a 
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deduced polypeptide of 775 amino acids (Fig. 2; Seq. ID No. 2; Seq. ID No. 4; 
Genbank Accession AC002411; http://pQec- 

genome.pw.usda.gov/F20D22.anno.html#anchor12 ). 

Example 3: Genetic complementation of tlie R-558 mutant by Agrobactenum 
tumefaciens - mediated DNA-transfer 

In order to confirm the identity of the 2328 bp DNA sequence (Seq. ID No. 1;) as 
the protein coding region of the SDD1 gene defective in the R-558 mutant, genetic 
complementation experiments were performed with the introduction of a wild type 
DNA-copy into the R-558 mutant through Agrobacterium tumefaciens - mediated 
genetic transformation. 

Two plasmids were generated for this purpose; 

Plasmid pG-SDOr (Fig. 3) carries the 7057 bp Sal! - EcoRV subfragment of the 
BAG IGF20D22 that includes the 2328 bp coding region of SDD1 in addition to 2 
kb upstream DNA ( promoter ) and 2.8 kb downstream DNA was inserted into the 
Sal! and Smal sites of the T-DNA vector pBlB-Hyg (Becker, 1990, Nucleic Acids 
Res. 18, 203). 

The second plasmid, p35S-SDD1 (Fig. 4), harbours the three fragments, A," B, C, 
inserted into the pBIB-Hyg vector (Becker, 1990, Nucleic Acids Res. 18, 203). 
Fragment A, which was inserted between the EcoRI and Sacl restricition sites in 
the polylinker of pBIB-Hyg, includes the 35S promoter of the Cauliflower Mosaic 
Virus (CaMV) comprising the nucleotides 7146 through 7464 as described by 
Gardner et ai. {Nucleic Acids Res. 9, 2871-2888, 1981). Fragment C contains the 
poiyadenyiation signal of the gene 3 from the T-DNA of the Ti-plasmid pTi ACH 5 
(Gielen et al., EMBO J. 3, 835 - 846, 1984), nucleotides 11749 through 11939 
which was isolated as Pvu II - Hind ill fragment from the plasmid pAGV 40 
(Herrera-Estrella et al., Nature 303 , 209 - 213, 1983) and which, after addition of 
a Sph 1 linker to the Pvu 11 restriction site, was inserted into the Sph I and Hind 111 
restriction sites of pBlB-Hyg. The resulting intervening plasmid was called pBIN- 
AR-Hyg. Fragment B covers the 2328 nucleotides coding region of the SDD1 
gene (Seq. ID No. 1) that was amplified by PGR from the BAG IGF20D22 and 
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provided with Asp718 and Xbal linker sequences and which was inserted into the 
Asp718 and Xbal restriction sites of pBIN-AR-Hyg. 

Both plasmids were separately introduced into Agrobactehum tumefaciens 
according to the procedure described by Hofgen and Willmitzer^ {Nucleic Acids 
Res, 16, 9877, 1988) and the corresponding T-DNAs were stably introduced into 
the R-558 mutant by Agrobacterium tumefaciens - in plants transformation 
following the method described by Bechtold et al. {Compt. Rend. Acad. Sci, 316 , 
1194 - 1199, 1993). Transformed seedlings selected for antibiotic (Hygromycin) 
resistance were grown to maturity and tested for the expression of mutant or 
wildtype phenotypes by microscopic examination of rosette leaves cieased with 
80 % ethanol. 
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Table 1: Analysis of stomatal density and distribution in the abaxiai epidermices of cotyledons and leaves of 

wild type (wt), mutant (R-558) and transgenic mutant (R-558 / G-SDDl; R-558 /35S-SDD1) 
~ Cotyledon "* Primary Leaf 



Plant 


Single 


Clustered 




Single 


Clustered 




Density 




Stomata"" 


Stomata^ 


n= 


Stomata^ 


Stomata^ 


rf 


[no./mm^j 


wtni 


100% 


0% 


58 


100% 


0% 


163 


97.0 




100% 


0% 


40 


100 % 


0% 


174 


124,3 


wt #3 


100 % 


0% 


51 


98.9 % 


LI % 


176 


125.7 


wtM 


100 % 


0% 


49 


100% 


0 % 


160 




wt #5 


100 % 


0% 


58 


100% 


0 % 


166 


] 1 R 6 

i 1 o.\j 


R-558 #1 


61 % 


39 % 


136 


86 % 


14% 


492 


35 1.4 


R-5J8U2 


56% 


44% 


62 


90.1 % 


9.9 % 


421 




R-558 m 


54% 


46% 


137 


89.6 % 


10.4 % 


395 


X.OZ.. i, 


R'558 #4 


58 % 


42% 


109 


93.9 % 


6,1 % 


'TV" 




R-558 #5 


60% 


40% 


85 


91.6 % 


8.4 % 




OSS'? Q 


R-558 / G-SDDJ m 


100 % 


0 % 


47 


100 % 


0 % 


279 




R-558 IG~SDD1 #2 


100 % 


0% 


53 


83.4% 


16.6 % 


181 

i O i 


1 1 
10 1 .0 


R-558 1 G'SDDI #3 


100 % 


0 % 


52 


100 % 


0 %) 






R-558 1 Q-SDDI M 


96.4 % 


3,6 % 


55 


100 % 


0 % 


i J7 J 




R'558/G-SDDI #5 


100 % 


0% 


53 


100 % 


0 % 






R-558 1 G-SDDl U 


100% 


0 % 


55 


100 % 


0 % 




1 on 1 


R~558 1 G-SDDI #7 


100 % 


0% 


53 


100 % 


0 % 


163 


1 1 .d 

1 iO.Hr 


R-558 / G-SDDI #8 


96.8 % 


3,2 % 


62 


100 % 


0 % 


285 




R^558 1 G'EDDl #9 


100 % 


0% 


37 


100 % 


0 % 


98 


/ v.U 


R-558 1 G-SDDIUO 


96.7 % 


3.3 % 


60 


100 % 


0 % 


199 


- 149 1 


R-558 /35S-SDD1 #1 


82% 


18% 


66 


100 % 


0 % 




1 1 Q 

i 1 y.j) 


R-558 /35S-SDD1 #2 


100 % 


0% 


34 


100 % 


0% 


123 


87.9 


R-558 /35S'SDD] #3 


93 % 


7% 


55 


100% 


0 % 


168 


120 


R-558 /35S-SDD] #4 


74% 


26% 


80 


100 % 


0% 


136 


97.1 


R-558 /35S-SDDI #5 


100% 


0% 


45 


100 % 


0% 


122 


87.1 


R-558 /35S'SDDI #6 


80% 


20 % 


70 


100 % 


0% 


195 


139.3 


R-558i35S-SDDI m 


53 % 


47% 


131 


98 % 


2% 


200 


142.9 


R-558 /35S-SDDI #8 


91 % 


9% 


68 


100 % 


0% 


123 


87.9 


R-558 /35S'SDD1 #9 


80% 


20 % 


90 


95.1 % 


4.9 % 


123 


87.9 


i?-55<5/35S-5Di)/#10 


94% 


6% 


65 


100 % 


0% 


108 


77.1 



Stomata separated from other stomata by at least one epidermal cell. ^ Stomata placed in direct contact to at 
least one other stoma, Number of stomata sampled. 
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As shown in Table 1, 7 out of 10 and 2 out of 10 transformants harbouring the T- 
DNAs of the pG-SDDi or the p35S-SDDY plasmids, respectively, showed a 
wildtype phenotype on cotyledons with respect to the appearance/absence of 
clustered. stomata,. 7 transformants carrying the T-DNA of p35S-SDpi showed an 
intermediate phenotype in cotyledons due to inappropriate expression of the 
transgene in this organ. In primary leaves, all 10 transformants harboring the T- 
DNA of pG-SDD1 and all 10 transformants carrying the T-DNA of p35S-SDD1 
showed a strong reduction in stomatal density and/or the fraction of clustered 
stomata as compared to the R-558 mutant. These data unequivocally 
demonstrated the identity of the 2325 bp DNA fragment as the coding region of 
the SDD1 gene. 

Example 4: Analysis of the SDD1 nucleotide sequence and SDD1 amino acid 
sequence 

The analysis of the SDD1 nucleotide and derived amino acid sequences was 
performed using the GCG 8'1 and BLAST 2.0 computer programs (see: Program 
Manual for the Wisconsin Package, Version 8, September 1994, Genetics 
Computer Group, 575 Science Drive, Madison, Wisconsin, USA 53711; Altschul 
et al. 1997, Nucleic Acids Res. 25, 3389-3402). 

The derived amino acid sequence of SDD1 shows significant identity / similarity to 
known members of a specific class of serine proteases, called subtilisins or 
dibasic processing endoproteases. In subtilisins, four regions form the catalytic 
triad and the substrate binding site and are most highly conserved among 
subtilisins, prominent representatives of which are the bacterial SUBTILISIN BPN' 
(Weds et al. 1983, Nucleic Acids Res. 11, 7911-7925), the KEX2 of yeast (Mizuno 
et aL 1988, Biochem, Biophys, Res. Commun. 156 , 246-254), the human 
furin/PACE (GenBank, Aca No. X17094) and PC1/PC3 (Seidah et ai., 1991, iWo/. 
EndocrinoL 5, 111 - 122; Smeekens et al., 1991, Proc. NatL Acad. Sci. USA 88, 
340 - 344). Several genes from plants encoding subtilases have been isolated 
such as CUCUMISIN from Cucumis melo (Yamagata et al., 1994, J. Biol. Chem. 
269 , 32725 - 32731), P69 from Lycopersicon esculentum (Tornero et a!., 1996, 
Proa NatL Acad. ScL USA 93, 6332 - 6337), or AG 12 from AInus glutinosa 
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(Ribeiro et aL, 1995, Plant Cell 7, 785 - 794). The in vivo functions of these plant 
enzymes, however, are hitherto unknown. In the four conserved regions, SDD1 
displays highest sequence similarity to the subtilisins listed above and contains 
the four characteristic inyariant,. amino acids present in .all subtilisins hitherto 
known (Fig. 5). This unequivocally proves the belonging of SDD1 to this class of 
endoproteases. The amino acid sequence motif VICAAGNNG within the substrate 
binding site, however, is unique and distinguishes SDD1 from all other known 
subtilisins. The mutation present in the R-558 mutant creates a premature stop 
codon leading to the formation of a C-terminal!y truncated protein which lacks the 
essentia! S-domain containing the catalytically active serine residue (Fig. 2). 

Example 5: Modulation of stomatal density in plants through modulation of 
SDD1 expression by genetic engineering 

The usefulness of the SDD1 gene for the creation of plants with various different 
levels of increased or decreased stomata! densities through modulation of the 
degree of SDD1 gene expression was shown by the analysis of further transgenic 
plants. 4 out of 10 of the transgenic plants carrying the aforementioned (Example 
4) T-DNA of p35S'SDD1 and 1 out of 10 of the transgenic plants carrying the 
aforementioned (Example 4) T-DNA of pG-SDDI showed lower stomatal density 
than the corresponding wildtype plants analyzed in parallel (Table 1). 
Furthermore, SDD1 antisense inhibition studies were performed: To this end, the 
plasmid p353-aSDD1 was generated which contains an antisense-gene construct 
called ^35S-aSDDr (Fig, 6). A 2079 bp - fragment (position 74 - 2153 according 
to the sequence shown in seq. ID 1) of the SDD1 gene was PCR-amplified and 
subcloned into the pCR 2.1 - vector (Invitrogen, Leek The Netherlands). Using the 
flanking Asp718 (3') and Xbal (5') restriction sites, the 2 kb SDD1 - fragment was 
cut from the pCR 2.1 - vector and inserted into the Asp718 and Xbal sites of the 
pB!N-AR-Hyg. vector (see example 3), thus placing it in antisense orientation to 
the CaMV 35S - promoter. 

The plasmid p35S-aSDDt was introduced into Agrobacten'um tumefaciens 
according to Hofgen and Willmitzer {Nucleic Acids Res, 16, 9887, 1988) and was 
used to generate transgenic Arabidopsis thaliana plants through application of the 
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procedure described by Schmidt and Willmitzer {Plant Cell Rep. 7, 583-586, 
1988), Among the transgenic plants carrying the T-DNA of p35S-aSDDy thus 
generated, individuals with increased stomatal density were obtained. 
It was thus demonstrated Jhat through the application of genetic engineering 
techniques, a gene encoding a subtilisin-like serine protease, can be used to 
generate plants with various different levels of decreased or increased stomatal 
densities brought about by the modulation of the expression of said gene. 

Example 6: Cloning of two SDD1 homologsfrom Solanum tuberosum 

A 2328 bp fragment representing the complete SDD1 coding region from 
Arabidopsis was amplified from the clone !GF20D22 of the Arabidopsis thaliana 
genomic IGF-BAC library (Mozo et a!., 1998, Mol. Gen. Genet, 258, 562-570) via 
PGR and was used as a radiolabeled probe (Random Primed DNA Labeling Kit, 
Boehringer Mannheim) in the screening procedure. 

Plaque lifting was peri'ormed on 1.6 x 10^ pfus of a genomic library from Solanum 
tuberosum L. line AM80/5793 (Liu et al., 1991, Plant Mol. BioL 17. 1139-1154), 
using Hybond N filters (Amersham). 

After pre-hybridization for 4 h at 42° C in buffer A (5 x SSC, 0.5 % BSA, 5 x 
Denhardt, 1 % SDS, 40 mM phosphate buffer, pH 7.2, 100 mg/l herring sperm DNA, 
25 % formamid) filters were hybridized to the radiolabeled probe (see above). 
After 8 h of hybridization the filters were washed 3 times for 20 min at 50°C in a 
buffer containing 3 x SSC and 0.5 % SDS. X-ray film exposure was usually 
performed for 14h. 

Ten strongly hybridizing phage plaques were rescreened and purified to 
homogenity. Phage DNA was prepared according to the method described by 
Patterson & Dean 1987 (NAR Vol.15 (15), 6298). 

According to their restriction patterns and Southern analysis, using the 
radiolabeled SDD1 PGR fragment as a probe, phages were divided into two 
different classes. !n case of class I a 3864 bp hybridizing EcoRl/Sali fragment was 
subcloned into pMCS5 (EcoRi/Sall) (Mo Bi Tec, Gottingen), yielding plasmld 
pAH10/58. In case of class N a --4.5 kb hybridizing Sea!- fragment was subcioned 
in pMCS5 (Mo Bi Tec, Gottingen), yielding plasmid pAH 14/58, Both of the 
plasmids were subjected to DNA-sequencing analysis and contained the 
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nucleotide sequences, coding for SDD1 homologs from Solarium tuberosum 
P1gen (SEQ ID NO: 7), P1 - corresponding to P1gen without the intron - (SEQ ID 
NO: 9), and P2 (SEQ !D NO: 11) The class 1 a fragments are characterized by the 
presence of introns, class lla fragments by the absence of introns,The amino acid 
sequences encoded by PI and P2 are shown in SEQ ID NOS: 8, 10 and 12, 
respectively, and compared to that of SDD1 in Figure 7. 

Example 7: Overexpression of subtilase in tobacco 

A genomic fragment of 2.3 kb was amplified by PGR from the genome of A. 
thaliana var. C24, and Asp 718/ Xba I (the primers comprised these sequences) 
and cloned into the vector pBinAR Hyg (Hofgen and Willmitzer (1990), Plant Sci, 
66: 221-230). 

Agrobacteria GV2260 (Deblaere (1985), Nucl. Acid Res. 13: 4777-4788) were 
transformed by way of heat shock, and tobacco plants were infected cv. SNN and 
regenerated (Rosahl et al., (1987) EMBO J. 6: 1155-1159). 
In total, 24 plants were examined as to their RNA expression. For this, RNA from 
leaf plants was prepared according to Logemann et aL (1987) Anal. Biochem. 
163: 16-20) in tissue culture (22°C, 50% atmospheric humidity, 2000 Lux, 16h/8h 
light rhythm). About 10[ig RNA were loaded onto a denaturating gel (Lehrach et 
al., (1977) Biochem. 16: 4743-4751) and thereupon transferred onto a positively 
charged membrane Hybond N+ (Amersham Buchlen Braunschweig) via capillary 
transfer. Thereafter, the RNA was fixed onto the membrane via heat fixation 
(2h/80X), washed in 2XSSC for a short period of time (2-3 min), prehybridized for 
at least 1h at 65°C (0.25M Na-P buffer pH 7.2; 1% BSA, 7% SDS and 10mM 
EDTA) and hybridized overnight at 65X with a radioactiveiy labeled probe 
(Feinberg, and Vogelstein, (1983) Anal. Biochem. 132: 6-13). After two washes 
with 2XSSC at 65X for 30 min each the filter was exposed on an X-ray filter 
overnight at -80''C. 

In total, 24 plants were analyzed by way of "Northern technique", of which 12 
could be classified as positive, 9 being classified as strong and 3 as weaker 
expressers. Copies using clear nail varnish were prepared from these plants as 
well as from the wild type, 5 ieafs from different plants of the wild type were 
analyzed. For doing so, 5 areas each were counted and stomatal density was 
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determined as stomata/mm^. When doing so, it was surprisingly found that 
stomatal density on the adaxial leaf surface was about twice as high as on the 
abaxial surface; see table 2. 

Table 2 

Microscopic analysis of stomatal density 
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75 
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STD, 9,58 



WT AR 
Subt 

adaxial 56 19 

abaxial 112 63 



STD = Standard deviation 
MV = mean value 
WT = wild type 
AR = transgenic plant 

After microscopic analysis of the copies of the transgenic plants which were taken 
by using clear nail varnish, a decrease in stomatai density by about 50% on both 
leaf sides could be detected. The hypostomatic phenotype, however, is also found 
in the transgenic plants; see table 2. 

No differences could be found between strong and weak "expressers"; thus even 
a minor increase of SDD1 activity seems to be sufficient to result in a phenotype. 
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Claims 



1 , A recombinant DNA molecule comprising; 

(i) a nucleic acid molecute encoding a subtil isin-like serine protease or 



encoding a biologically active fragment of such a protein, seiocted frgm 
the group consisting of 

(a) nucleic acid molecules comprising a nucleotide sequence 
encoding a protein comprising the amino acid sequence a^ given 
in SEQ ID NO: 2, 8, 10 or 12] 

(b) nucleic add molecules comprising a nucleotide sequence as 
given in SEQ ID NO: 1 , 7, 9 or 1 1 ; 

(c) nucleic acid molecules encoding a protein comprising at least the 
D region, H region, substrate binding site and/or S region of the 
subtllisin-Iike serine protease encoded by a nucleic acid molecule 
oi (a) or (b); or 

(d) nucleic acid mol^culee hybridizing with the complementary 
strand of a nucleic acid molecule as defined in any one of (a) to 



(e) nucieic acid molecules encoding a protein the amino acid 
sequence of which Is at least 66% identicai to the amino acid 
sequence encoded by a nucleic acid molecule of any one of (a) 
to (c); 

(f) nucleic add molecules, the nucieotide sequence of which is 
degenerate as a result of the genetic code to a nucleotide 
sequence of a nucleic acid molecule as defined in any one of (a) 
to (e); or 

(ii) a nucleic acid molecule encoding a mutant non-autive or a hyper-actjve 
form of or an antibody against the subtilisin-like serine protease 
encoded by a nucieic acid molecule of (I); or 



(c); 
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(iii) a nucleic acid molecule which specifically hybridizes with a nucleic acid 
molecuie of (i) or the complementary strand thsraot 



2. The recombinant DNA molecule of claim 1 wherein the nucleic acid molecule 
is DNA, cDNA, genomic DNA or synthetically synthesized DNA. 



3. The recombinant DNA molecule of claim 1 wherein the nucleic acid molecule 
. is derived from a plant, preferably Arabidopsis or potato. 



4. The recombinant DNA molecule of any one of claims 1 to 3 wherein said 
nucleic acid molecule Is operably linl<ed to regulatory elements allowing the 
expression of the nucleic acid molecule in plants. 



5. A vector comprising a recombinant DNA motecule of any one of ciaims 1 to 4. 



6. A host cell containing a vector of claim 5 or a recombinant DNA molecule of 
any one of claims 1 to 4. 



7, A method for the production of transgenic plants with altered stomata 
characterlstioa compared to witd type plants comprisfng the inimduction of a 
recombinant DNA molecule of any one of claims 1 to 4 or the vector of claim 5 
Into the genome of a plant, plant cell or plant tissue. 

8, A transgenic plant cell comprising stably integrated into the genome a 
recombinant DNA molecule of any one of claims 1 to 4 or a vector of claim 5 
or obtainable according to the method of claim 7, wherein the expression of 
the nucleic acid molecule results in an increased expression or activity of 
subtilisin-like serine proteases in transgenfc plants compared to wild type 
plants. 

9, A transgenic plant or a plant tissue comprising plant cells of claim 8. 
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10. The transgenic plant of claim 9 which displays a decreased sfomata density, 
lower conductance of stomata and/or wherein the water consumption is 
lowered compared to wild type plants. 

11. A transgenic plant cell which contains stably integrated into the genonne a 
recombinant DNA molecule of any one of claims 1 to 4 or part ther©ot, a vector 
of claim 5 or obtainable according to the method of claim 7, wherein the 

. presence, transcription and/or expression of the nucldc acid molecule or part 
thereof leads to reduction of the synthesis or the activity of subtilrsin-like serine 
proteases in transgenic plants compared to wild type plants. 

12. The plant cell of claim 11, wherein the reduction is achieved by an antisenss; 
sense, ribozyme, co-suppression and/or dominant mutant effect. 

13. A transgenic plant or plant tissue comprising the plant c^lls of claim 11 or 1 2. 

14. The transgenic plant of claim 13 which displays Increased stomaial density 
and/or higher conductance of 5tomata and/or increased content of sugars 
and/or protein In plant leaves compared to wild type plants. 

15. The transgenic plant of any one of ciaims 9, 10, 13 or 14, the plant eel! of any 
one of claims 8, 11 or 12, or the plant tissue of claim 9 or 13, wherein said 
plant, plant cell or plant tissue is derived from a monocotyledanous or 
dicotyledonous piant. ' 

1 6. The transgenic plant, plant cell or plant tissue of claim 15, wherein said plant Is 
derived from maize, rice, barley, wheat, rye, oats, tomato, melon, banana, 
chicoree, salad, cabbage, potato, tobacco, alfalfa, clover, oilseed rape, 
sunflower, peanut, soybean, cotton, sugar beet, (inseed, flax, miilet hemp, 
sugar cane, bean, pea or tree. 

17. Harvestable parts or propagation material of plants of any one of claims S, 10, 
13 or 14 to 16 comprising plant cells of claim 8, 11, 12, 15 or 16, 
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18. A kit c?ompfisfng a recombinant DNA molecule of any one of claims 1 to 4 or a 
vector of claim 5. 

19, A method for tha production of a transgenic piant comprising an increased 
yield and/or increased stomatal density compared to wild type plants, wherein 

(a) a plant cell Is genetically modified by the introduction of a foreign 
nucleic acid molecule the presence of which or the expression of which 
results in a decreased activity of a subtilase; 

(b) a plant is regenerated from the ceil prepared according to step (a); and 
(0) further plants, if any, are generated from the plant prepared according 

to step (b). 

20, A method for the production of a transgenic plant having a decreased water 
consumption and/or decreased stomatal density compared to wild type plants 
wherein 

(a) a plant cell genetically modified by the introduction of a foreign 
nucleic acid molecule the presence of which or the expression of which 
results in an increased activity of a subtilase; 

(b) a piant is regenerated from the eel/ prepared according to step (a); and 

(c) further plants, if any, are generated from the plant prepared according 
to step (b). 

21 . Use of a nucleic acid molecule encoding or regulating the expression of a 
subtilJsin-like serine protease or a nucleic acid molecule hybridizing with such 
a nucleic acid molecule, a nucleic acid molecule as defined In any one- of 
cl!aims 1 to 4, a recombinant DNA molecule of any one of claims 1 to 4, or a 
vector of claim 5 for the production of plants with improved fresh and dry 
weight, for enhancing the content of sugars and/or protein in plant leave? for 
the production of plante with reduced leaf temperatures or with reduced water 
loss and lower water consumption, for the modulation (enhancement) of COa 
uptake into and H^O release from leaves, for sustained photosynthesis under 
high Intensity conditions or for the Improvement of disease resistance of 
plants. 
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SEQUENCE LISTING 

<110> Max-?lanck-Gessll3chaf c zur Forderung cer Wisser^scriaf ten e.V. 

<12 0> Means and methods for modulating stomata 
characteristica in plan::s 

■<130> Ci74a?CT - - - ----- 

<140> 
<141> 

<160> 61 

<170> Patentin Ver. 2,1 

<210> 1 
<211> 2328 
<212> DNA 

<213> Arabidcpsis thaliana 

<220> 

<221> CDS 

<222> (1) . . (2325) 

<400> 1 

atg gaa ccc aaa ccu ttc ttt etc tgc att ate ttt ctt eta ttt tgt 48 

Mec Giu Pro Lys Pro Phe Phe Leu Cys lie lie Phe Leu Leu Phe Cys 

15 10 15 

. tct tct "Ccg tea gag ate ctg cag aag cag act tac att gtt cag ctu 96 
Ser Ser Ser Ser Glu He Leu Gin Lys Gin Thr Tyr He Val Gin Leu 
20 25 30 

cat cct aat age gaa ace get aaa ace ttt gee tea aag ttt gat tgg 144 
His Pro Asn Ser Glu Thr Ala Lys Thr Phe Ala Ser Lys Phe Asp Trp 
35 ' 40 45 

ca.t ctt tec ttt etc caa gaa gcg gcc tta ggt get gaa gaa gaa gag 192 
His Leu Ser Phe Leu Gin Glu Ala Val Leu Gly Val Glu Glu Glu Glu 
50 55 60 

gaa gag ccc tct tct cga ctt etc tac tec tat ggc tct gcg att gaa 2 40 
Glu Glu Pro Ser Ser Arg Leu Leu Tyr Ser Tyr Gly Ser Ala He Glu 
65 70 75 80 

gga ttt get gcc cag ttg act gaa tea gaa gcc gag ata ctg aga tat 288 
Gly Phe Ala Ala Gin Leu Thr Glu Ser Glu Ala Glu He Leu Arg Tyr 
85 90 95 

tea cct gaa gtt gtt gca gtg aga cct gac eat gtt ctt cag gtt caa 336 
Ser Pro Glu Val Val Ala Val Arg Pro Asp His Val Leu Gin Val Gin 
100 105 110 

acc act tac tct tac aag ttc ttg gga etc gac ggt ttt gga aac tec 3 34 
Thr Thr Tyr Ser Tyr Lys Phe Leu Gly Leu Asp Gly Phe Gly Asn Ser 
115 120 125 

gg- gta tgg tct aaa tct egg ttt ggt caa ggc aca att ate ggc gtg 432 
Gly Val Trp Ser Lys Ser Arg Phe Gly Gin Gly Thr He He Glv Val 
130 135 ^ 140 

ett gat act gga gtt tgg cct gaa agt cct age ttt gac gat acc gga 4 SO 



2 



Leu Asp Thr Gly Val Trp Pro Glu Ser Pro Sar ?he Asp Asp Thr Gly 

145 150 155 160 

atg cct ccg att cca egg aaa tgg aaa ggg att tgc caa gaa gga caa 52 3 

Met Pro Ser lie Pro Arg Lys Trp Lys Gly lie Cys Gin Glu Gly Glu 
165 170 175 

age ttc agc-tct teg age tgt aac egg aag cCa acc ggc gcc aga ttc 575 

Ser Phe Ser Ser Ser Ser Cys Asa Arg Lys Leu lie Gly Ala Arg Phe 
180 185 190 

ttc ate aga gga cac cgz gtc get aat tea cca gag gaa tea cca aac 624 

Phe lie Arg Gly His Arg Val Ala Asn Ser Pro Glu Glu Ser Pro Asn 
■ 195 200 205 

atg cct cgt gaa tac att tec gca aga gat tea acg g-ga cac ggg act 672 

Met Pro Arg Glu Tyr lie Ser Ala Arg Asp Ser Thr Gly His Gly Thr 
210 215 220 

cac ace gee tea aca gtt ggt gga tec tct gtt teg atg gcg aat gtt 720 

His Thr Ala Ser Thr Val Gly Gly Ser Ser Val Ser Met Ala Asn Val 

225 230 235 240 

cct ggc aat gga get ggt gtg get cgt ggg atg get cct gga gcc cac 768 

[Leu Gly Asn Gly Ala Gly Val Ala Arg Gly Met Ala Pro Gly Ala His 
245 250 255 

:;att gca gtc cat aaa gcc tgt tgg ttc aac ggt tgc tac age tec cac 816 

,^lle Ala Val Tyr Lys Val Cys Trp Phe Asn Gly Cys Tyr Ser Ser Asp 
J 260 265 270 

^'att eta gca get ata gat gta gcg ate caa gat aaa gcc gat gtc cct 8 64 

"Tie Leu Ala Ala lie Asp Val Ala lie Gin Asp Lys Val Asp Val Leu 
275 280 285 

teg etc tec cct ggc ggc ccc cct att cct teg tac gat gac aca acc 912 

Ser Leu Ser Leu Gly Gly Phe Pro lie Pro Leu Tyr Asp Asp Thr lie 
290 295 30Q 

gcc att gga aca ttc cga gcc atg gaa cgc ggt aca tec gca acc cgc 9 60 

Ala lie Gly Thr Phe Arg Ala Met Glu Arg Gly He Ser Val He Cys 

305 310 315 32Q 

gca gcc ggc aac aac ggt cca ate gaa age tec gtt gca aac aca get 1003 

Ala Ala Gly Asn Asn Gly Pro He Glu Ser Ser Val Ala Asn Thr Ala 
325 330 335 

cct tgg gtc Cca acc att ggc gca ggc acg ctt gat cga aga ttc ccc 1055 

Pro Trp Val Ser Thr He Gly Ala Gly Thr Leu Asp Arg Arg Phe Pro 
340 345 350 

get gtg gtc aga eta gcc aac gga aag etc etc cac gga gag tea ccg 1104 

Ala Val Val Arg Leu Ala Asn Gly Lys Leu Leu T^/r Gly Glu Ser Leu 
355 360 365 

tat ccg gga aaa ggt ata aag aat gcc ggg aga gag get gag gcg act 1152 

Tyr Pro Gly Lys Gly He Lys Asn Ala Gly Arg Glu Val Glu Val He 
370 375 330 

cac gtc aca gga gga gat aaa gga age gag tec cgc ttg aga ggg tea 1200 

Tyr Val Thr Gly Gly Asp Lys Gly Ser Glu Phe Cys Leu Arg Gly Ser 

335 390 395 400 



cct cca aga gaa gaa acc cga cgc aaa azg gzg azc cac gac cac ccra 12^S 

Leu Pro Arg Glu Glu He Arg Gly Lys Mat: Val lie Cys Aso A-c Gly 
^05 410 ^ 415 

gtc aat gga aga teg gag aaa gga gaa gcg gtt aaa gaa gcc gga crcra 1795 

Val Asn Gly Arg Ser Glu Lys Gly Glu Ala Val Lvs Glu Ala Gly Gly 
420 425 430 ^ ' 

gtt gca atg ate tta gcc aat aca gag ate aac caa gaa gaa gac tct 

Val Ala Met He Leu Ala Asn Thr Glu He Asn Gin Glu Glu Asp Ser 
. 435 440 dds 



1344 



1392 



1440 



1488 



att gac gtt cat ccc tta cca get aca ttg att ggt tac act gag tea 
He Asp Val His Leu Leu Pro Ala Thr Leu He Gly Tyr Thr Glu Ser 
450 455 460 

gtc ett ctg aag get tat gtt aat gcc acg gtg aaa cca aag gcg caa 
Val Leu Leu Lys Ala Tyr Val Asn Ala Thr Val Lys Pro Lys Ala A.rg 
465 ^ 470 475 480 

ata att tct ggt ggt acg gtg att ggg agg tea caa gca cca gag gtg 
He He Phe Gly Gly Thr Val He Gly Arg Ser Arg Ala Pro Glu Val 
485 490 495 

get cag ttc tea get cga gga ccg agt tta gcc aat cct teg ata eta 1536 
Ala Gin Phe Ser Ala Arg Gly Pro Ser Leu Ala Asn Pro Ser He Leu 
500 505 520 

aaa ccg gat atg att get ccg gga gcc aat ate att gca get tgg cct 1 584 
Lys Pro Asp Met He Ala Pro Gly Val Asn He He Ala Ala Trp Pro 
515 520 525 

caa aat eta gga cca acc gga etc ccc tat gat tea aga aga get aac 1632 
Gin Asn Leu Gly Pro Thr Gly Leu Pro Tyr Asd Ser Arg Arc Val Asn 
530 535 540 

ttc act gca acg tea gga act tea acg tec tgt cca cat att age cga 1680 
Phe Thr Val Mac Ser Gly Thr Ser Met Ser Cys Pro His Val '^^er Glv 

550 555 550 

ate act gcc cct ate egg tct gca tac ccg aac egg tct cca act aca 1723 
lie Thr A_la Leu He Arg Ser Ala Tyr Pro Asn Trp Ser Pro Ala Ala" 
565 570 575 

ate aaa tee gca ttg atg aca aca gcg gat ctg cac gat cgt caa ggg 
lie Lys Ser Ala Leu Met Thr Thr Ala Asp Leu Tvr Asc Arg Gin Gly 
580 585 " 590 

aaa gcg ata aag gac ggc aac aaa cca gcc ggt gtg ttt gcg att aga 
Lys Ala He Lys Asp Gly Asn Lys Pro Ala Glv Val Phe Ala H^ Glv 
595 600 605 

gca ggg cac gcg aat ccg caa aag gcg aca aac ccg gaa ttg g-t t^c 
Ala Gly His Val Asn Pro Gin Lys Ala He Asn Fro Gly Leu Val 'Tvr- 
610 61S 620 



1776 



1824 



L872 



aac att caa cca gtg gac cac ata acc cac etc cgc act ett gaa etc 1=^2 0 
Asn He Gin Pro Val Asp Tyr He Thr Tyr Leu Cvs Thr Leu G^v 
^25 630 635 " 640 

aca aga tea gat att tea gca ate act cat aag aac gtg age tgc aat 1968 
Tnr Arg Ser Asp He Leu Ala He Thr His Lys Asn Val Ser 0,^s A sr. 

545 650 ■ 655 



4 



gga ata ttig egg aaa aac ccg ggt tct age czc aac cac ccg teg ata 2016 

Giy lie Leu Arg Lys Asn Pro Gly ?he Ser Leu Asn Tyr Pro Ser lie 

650 665 670 

gcc gtg att ttc aaa cgt ggc aag act acg gag acg ate aca agg cge 2064 

Ala Val lie Phe Lys Arg Gly Lys Thr Thr Glu Met lie Thr Arg Arg 

675 " " 680 635 - - 

gtc ace aac ctt ggg agt cct aac teg ata tac tea gtg aat gtc aag 2112 

Val Thr Asn Val Gly Ser Pro Asn Ser lie Tyr Ser Val Asn Val Lvs 

690 695 700 

get cca gag ggg ate aaa gtt att gtc aat cct aag aga ctz gtg ttc 2160 

Ala Pro Glu Gly lie Lys Val lie Val Asn Pro Lys Arg Leu Val Phe 

,705 710 715 720 

Saaa cac gtg gat cag acg ctg age tat aga gca ugg ttt gta ttg aag 2208 

If Lys His Val Asp Gin Thr Leu Ser Tyr Arg Val Trp Phe Val Leu Lvs 
I 725 730 735 

|. aag aaa aac aga gga ggg aag gtg get age ttt gca caa ggg cag ttg 2256 

:::Lys Lys Asn Arg Gly Gly Lys Val Ala Ser Phe Ala Gin Gly Gin Leu 

J 740 745 750 

^. act tgg gtc aac tec cat aat ccg atg cag cga get aga agt cca ate 2304 

iThr Trp Val Asn Ser His Asn Leu Met Gin Arg Val Arg Ser Pro lie 

i 755 760 765 

|tct gta ace ttg aag act aac tga 2328 
I Ser Val Thr Leu Lys Thr Asn 
r 770 775 



<211> 775 
<212> PRT 

<213> Arabidopsis thaliana 
<400> 2 

Met Glu Pro Lys Pro Phe Phe Leu Cys lie He Phe Leu Leu Ph^=' Cvs 
1 5 10 15 ' * 

Ser Ser Ser Ser Glu He Leu Gin Lys Gin Thr Tyr He Val Gin Leu 
20 25 30 

His Pro Asn Ser Glu Thr Ala Lys Thr Phe Ala Ser Lys Phe Aso Trp 
35 40 45 ' ^ 

His Leu Ser Phe Leu Gin Glu Ala Val Leu Gly Val Glu Glu Glu Glu 
50 55 60 

Glu Glu Pro Ser Ser Arg Leu Leu Tyr Ser Tyr Gly Ser Ala He Glu 
65 70 75 80 

Gly Phe Ala Ala Gin Leu Thr Glu Ser Glu Ala Glu He Leu Arg Tvr 
85 90 95 

Ser Pro Glu Val Val Ala Val A.rg Pro Aso His Val Leu Gin Val Gin 
13C 105 110 



Thr Thr Tyr Ser Tyr Lys Phe Leu Gly Leu Asd Gly Phe Gly Asn Se- 
lls 120 125 



Gly Val Trp Ser Lys Ser Arg ?rie Gly Gin Gly Thr He lie Gly Val 
130 135 140 



Leu Asp Tr.r Gly 
145 

-Mec PrO' Ser lie 



Ser Fhe Ser Ser 
180 

Phe lie Arg Gly 
195 

Met Pro Arg Glu 
210 

His Thr Ala Ser 
225 

Leu Gly Asn Gly 



He Ala Val Tyr 
260 

He Leu Ala Ala 
275 

Ser Leu Ser Leu 
290 

Ala He Gly Thr 

305 

Ala Ala Gly Asn 



Pro Trp Val Ser 
340 

Ala Val Val Arg 
355 

Tyr Pro Gly Lys 
370 

Tyr Vai Thr Gly 
385 

Leu Fro Arg Glu 



Val Asn Gly Arg 
420 

Val Ala iMe- He 
435 

He Asp Val His 
450 



Val Trp Pro Glu 
150 

Pro Arg Lys Trp 
165 

Ser Ser Cys Asn 



His Arg Val Ala 
200 

Tyr He Ser Ala 
215 

Thr Val Gly Gly 
230 

Ala Gly Val Ala 
245 

Lys Val Gys Trp 



He Asp Val Ala 
230 

Gly Gly Phe Pro 
295 

Phe Arg Ala Met 
310 

Asn Gly Fro He 
325 

Thr He Gly Ala 



Leu Ala Asn Gly 
360 

Gly He Lys Asn 
375 

Gly Asp Lys Gly 
390 

Glu He Arg Gly 
405 

Ser Glu Lys Gly 



Leu Ala Asn Thr 
440 

Leu Leu Pro Ala 
455 



Ser Pro Ser Phe 
155 

Lys Gly He Gys 
170 

Arg Lys Leu He 
185 

Asn Ser Pro Glu 



Arg Asp Ser Thr 
220 

Ser Ser Val Ser 
235 

Arg Gly Met Ala 
250 

Phe Asn Gly Cys 
265 

He Gin Asp Lys 



He Pro Leu Tyr 
300 

Glu Arg Gly He 
315 

Glu Ser Ser Val 
330 

Gly Thr Leu Asp 
345 

Lys Leu Leu Tyr 



Ala Gly Arg Glu 
380 

Ser Glu Phe Cys 
395 

Lys Met Val He 
410 

Glu Ala Val Lys 
425 

Glu He Asn Gin 



Thr Leu He Gly 
4 60 



Asp Asp Thr Gly 
160 

Gin Glu Gly Glu 
175 

Gly Ala Arg Phe 

190 

Glu Ser Pro Asn 
205 

Gly His Gly Thr 



Met Ala Asn Val 
240 

Pro Gly Ala His 
255 

Tyr Ser Ser Asp 
270 

Val Asp Val Leu 
285 

Asp Asp Thr He 



Ser Val He Cys 
320 

Ala Asn Thr Ala 
335 

Arg Arg Phe Pro 
350 

Gly Glu Ser Leu 
355 

Val Glu Val He 



Leu Arg Gly Ser 
400 

Cys Asp Arg Gly 
415 

Glu Ala Gly Gly 
430 

Glu Glu Asp Ser 
445 

Tyr Thr Glu Ser 



Val Lgu Leu Lys Ala Tyr Val Asn Ala Thr Val Lys Pro Lys Ala Ara 
465 470 475 ' 4S0 

lie Ile Phe Gly Gly Thr Val Ile Gly Arg Ser Arg Ala Pro Glu Val 
485 490 495 

Ala Gin Phe Ser Ala -Arg Giy Pro Ser Leu Ala -Asn Pro Ser lie Leu 
500 505 510 

Lys Pro Asp Kez lie Ala Pro Gly Val A.sn lie lie Ala Ala Trp Pro 
515 520 525 

Gin Asn Leu Gly Pro Thr Gly Leu Pro Tyr Asp Ser Arg Arg Val Asn 
53 0 535 540 

Phe Thr Val Met Ser Gly Thr Ser Met Ser Cys Pro Kis Val Ser Gly 

550 555 560 

lie Thr Ala Leu lie Arg Ser Ala Tyr Pro Asn Trp Ser Pro A.la Ala 
565 570 ^ 575 

^ lie Lys Ser Ala Leu Met Thr Thr Ala Asp Leu Tyr Aso Arc G1 n Giy 
580 585 " ^ 590 ~ 

Lys Ala lie Lys Asp Giy Asn Lys Pro Ala Giy Vai Phe Ala lie Giy 
595 600 605 

Ala Giy His Val Asn Pro Gin Lys Ala lie Asn Pro Gly Leu Vai Ty-- 
^10 615 620 

Asn lie Gin Pro Val Asp Tyr lie Thr Tyr Leu Cys Thr Leu Giy Phe 

630 635 ^ 640 

Thr Arg Ser Asp lie Leu Ala lie Thr His Lys Asn Vai Ser Cys Asn 
645 550 655 

Gly lie Leu Arg Lys Asn Pro Giy Phe Ser Leu Asn Tyr Pro Ser lie 
660 665 670 

Ala Val lis Phe Lys Arg Giy Lys Thr Thr Giu Met lie Thr Arg Arg 
675 680 685 

Val Thr Asn Vai Giy Ser Pro Asn Ser lie Tyr Ser Val Asn Vai Lys 
690 695 700 

Ala Pro Glu Gly lie Lys Vai Ile Val Asn Pro Lvs Arcr Leu Val °he 
, 710 715 ^ 720 

Lys His Vai Asp Gin Thr Leu Ser 'Tyr Arg Vai Tro Phe Vai Leu Lys 
725 730 735 

Lys Lys Asn Arg Gly Giy Lys Vai Ala Ser Phe Ala Gin Giv Gin L^u 
740 745 750 

Thr Trp Val Asn Ser His Asn Leu Met Gin Arg Vai A.rg Ser ^ro lie 
755 760 755 

Ser Val Thr Leu Lys Thr Asn 
770 775 



<21G> 3 
<2il> 232S 
<212> DNA 

<2i3> Arabidopsis chaliana 



<220> 
<221> CDS 
-<222> -(1)-.^.- (1473) 



<400> 3 

atg gaa ccc aaa cct etc ttt etc tgc att acc ttt czt eta tzt tgt 43 

Met Glu Pro Lys Pro Phe Phe Leu Cys lie He Pr.e Leu Leu Phe Cys 

15 10 15 



tct tct teg tea gag ate ctg cag aag cag act tac att gtc cag ctt 96 
Ser Ser Ser Ser Glu He Leu Gin Lys Gin Thr Tyr lie Val Gin Leu 
20 25 30 



cat cct aat age gaa acc get aaa acc ttt gee tea aag ttt gac tgg 144 
His Pro Asn Ser Glu Tlir Ala Lys ?hr Phe Ala Ser Lys Phe Asp Trp 
35 40 45 

^cat ctt tec ttt ccc caa gaa gcg gtt tta ggt gtt gaa gaa gaa gag 192 
=His Leu Ser Phe Leu Gin Glu Ala Val Leu Gly Val Glu Glu Glu Glu 

\ 50 55 60 



^gaa gag cct tct tct ega ctt etc tac tec cac ggc tec gcg att gaa 240 

.Glu Glu Pro Ser Ser Arg ^Leu Leu Tyr Ser Tyr Gly Ser Ala He Glu 

65 70 75 SO 

;gga ttt get get cag ttg act gaa tea gaa gee gag aca ctg aga tat 288 

^^Gly Phe Ala Ala Gin Leu Thr Glu Ser Glu Ala Glu lie Leu Arg Tyr 

85 90 95 



tea cct gaa gtt get gca gcg aga cct gac cac gtc ctt cag gee caa 336 
Ser Pro Glu Val Val Ala Val Arg Pro Asp His Val Leu Gin Val Gin 
100 ' 105 110 



ace acc tac tec cac aag tte teg gga etc gac ggt ccc gga aac tec 334 
Thr Thr Tyr Ser Tyr Lys Phe Leu Gly Leu Asp Gly Phe Gly Asn Ser 
115 120 125 

ggt gta egg tec aaa tct egg ttt ggt caa ggc aca ate acc ggc gtg 432 
Gly Val Trp Ser Lys Ser Arg Phe Gly Gin Gly Thr lie lie Gly Val 
130 135 140 



etc gat act gga get egg cct gaa agt cct age ttt gac gat acc gga 48Q 
Leu Asp Thr Gly Val Trp Pro Glu Ser Pro Ser Phe Asp Asp Thr Gly 
145 150 155 ~ 160 



atg cct ccg ate cca egg aaa tgg aaa ggg act tgc caa gaa gga gaa 523 
Mec Pro Ser lie Pro Arg Lys Trp Lys Gly He Cys Gin Glu Gly Glu 
165 170 175 



agt tec age tec ccg age tgc aac egg aag eta ate ggc gee aga etc 
Ser Phe Ser Ser Ser Ser Cys Asn Arg Lys Leu He Gly Ala Arg Phe 
180 185 190 



ttc acc aga gga cac cgc gtc gcc aac Cca cca gag gaa tea eea aac 624 
Phe He Arg Gly His Arg Val Ala Asn Ser Pro Glu Glu Ser Pro Asn 
195 200 205 



atg ccc cgc gaa tac att tec gca aga gat tea acg gga cac ggg act 



672 



8 



Me"_ Pro Arg Glu Tyr lie Ser Ala Arg A.sp Ser Thr Glv His Qlv T^^^ 

210 215 " 220 ' " 

cac acc gcc cca aca get ggt gga tec tct gzz teg ace acg aat ctz 

His Thr Ala Ser Thr Val Gly Gly Ser Ser Val Ser Kec Ala Asn Val 

225 230 235 240 

ctt ggc a-ac -gga get ^ggt^gtg gcc cgc ggg^atg get cct gga gcc cac 

Leu Gly Asn Gly Ala Gly Val Ala Arg Gly Mac Ala Pro Glv Ala His 

245 250 ^ 255 



att gca gtc tat aaa gtc tgc tgg ttc aat ggc tgt tae age tct gac 
lie Ala Val Tyr Lys Val Cys Trp Phe Asn Gly Cys Tvr Ser- se- Asp 
260 265 ' 270 ^ ^ 

att eta gca get ata gat gta gcg act caa gac aaa gtc gac gtt ctt 
He Leu Ala Ala He Asp Val Ala He Gin As^ Lys Val A^p V^l Leu 
275 280 ^ 285 " ^ 

teg ctt tec ctt ggc ggt etc cct act cct ttg tac gac gac aca acc 
Ser Leu Ser Leu Gly Gly Phe Pro He Pro Leu Tyr A=jp Aso '^hr He 
290 295 300 

gcc att gga aca ttc cga gcc atg gaa cgc ggt aca tct ata ate tgt 
Ala He Gly Thr Phe Arg Ala Met Glu Arg Gly He Ser Val He Cvs 
305 310 315 320 

gca get ggt aac aac ggt cca ate gaa age ccc gtt gca aac aca get 
Ala Ala Gly Asn Asn Gly Pro He Glu Ser Ser Val Ala Asn Thr- Ala 
525 330 335 

ccc tgg gtc cca acc ate ggc gca ggc acg ctt gac cga aga ttt ccc 
Pro Trp Val Ser Thr He Gly Ala Gly Thr Leu Asp Arg Arg Phe ^ro 
340 345 350 

get gcg gtc aga Cta gee aac gga aag ctt etc tac gga gag tea tcg 
Ala Val Val Arg Leu Ala Asn Gly Lys Leu Leu 'IVr Gly Glu S^- Leu 
355 360 355 



act gac gtt eat etc tea cca get aca ctg ate ggt tac acc aag tea 
He Asp Val Hrs Leu Leu Pro Ala Thr Leu He Glv Tyr ^hr Gin Ser 
450 455 del 



720 



864 



912 



960 



1008 



1056 



1104 



cat ccg gga aaa gg^. a^a aag aat gcc ggg aga gag get aag aca ate '1==2 
Tyr Pro Gly Lys Gly He Lys Asn Ala Gly Arg Glu Val Glu Val He 
370 ' 375 380 

tac gcc aca gga gga gat aaa gga age gag ttc cgt ttg aga aag tea l^oo 
Tyr Val Thr Gly Gly Asp Lys Gly Ser Glu Phe Cys Leu Arg C-W =^er 
385 390 395 ^ ^00 

ctt cca aga gaa gaa ate cga ggc aaa acg gtg act cat cac cgc gga ^2^^ 
Leu Pro Arg Glu Glu He Arg Gly Lys Met Val He Cys Asp Arg Gly 
405 410 " " 415 

gcc aat gga aga teg gag aaa gga gaa gcg gcc aaa gaa get aca gga 1295 
val Asn Gly Arg Ser Glu Lys Gly Glu Ala Val Lys Glu Ala Gly G^v 
420 425 430 

get gca atg ate cca gee aat aca gag acc aac caa gaa aaa gat cct 13^^ 
Val Ala Met He Leu Ala Asn Thr Glu He Asn Gin Glu Glu Asp Se- 
435 440 445 



1392 



g^^c cct ccg aag get tat g-^t aat gcc acg gtg aaa cca aag crcg cac 14^0 
Val Leu Leu Lys Ala Tyr val Asn Ala Thr Val Lvs Pro Lvs Ala Arg 
465 470 475 " ~ 4S0 

ata att ttt ggt ggc acg gzg att ggg agg tea tgagcaccgg aggtaaccca 1-^153 
lie lie ?he Gly Gly Thr Val lie Gly Arg Ser 
485 490 

gttttcagct cgaggaccga gttcagccaa tccttcgata ctaaaaccgg atatgattgc 1553 

tccgggagtc aatatcattg cggcttggcc tcaaaatcta ggaccaaccg gacttcctta 1613 

tgattcaaga agagttaact tcaccgtaat gtcaggaact tcaatgtctt gtccacatgt 1673 

tagcggaatc actgctctta tccggtctgc atacccgaac tggtctccag ctgcaaccaa 1733 

^Jatccgcattg atgacaacag cggatttgca cgatcgtcaa gggaaagcga taaaggatgg 1793 

jltaacaaacca gccggtgtgt ttgcgattgg agcagggcat gtgaatccgc aaaaggcgat ^1853 

laaacccggga ttggtttaca acattcaacc agtggattac ataacttacc tctgcactct 1913 

|tggattcaca agatcagata ttttagcaat cactcataag aacgtgagct gcaatggaat 1973 

^ttgcggaaa aacccgggtt ttagcctcaa ttacccgtcg atagccgcga ttttcaaacg 2033 

jtggcaagacc acggagatga tcacaaggcg tgtcactaac gttgggagtc ctaactcgac 2093 

Katactcagtg aatgtcaagg ctccagaggg gatcaaagtt attgtcaatc ctaagagact 2153 

|tgtgtccaaa cacgtggatc agacgctgag ctatagagiia tggectgcat tgaagaagaa 2213 

aaacagagga gggaaggtgg ccagctttgc acaagggcag tcgacttggg tcaactccca 2273 

taatctgatg cagcgagtta gaagzccaan ccctgtaacc ttgaagacta accga 2328 

<210> 4 
<211> 491 
<212> PRT 

<213> Arabidopsls thaliana 
<400> 4 

Met Glu Pro Lys Pro Phe Phe Leu Cys He He Phe Leu Leu P^e Cy== 
1 5 10 15 " 

Ser Ser Ser Ser Glu He Leu Gin Lys Gin Thr Tyr He vai Gl- r eu 
20 25 30 

Kis Pro Asn Ser Glu Thr Ala Lys Thr Phe Ala Ser Lys Phe Asp Trp 
35 40 45 ' ' 

His Leu Ser Phe Leu Gin Glu Ala Val Leu Gly Val Glu G^u Glu 01^^ 
50 55 50 

Glu Glu Pro Ser Ser Arg Leu Leu Tyr Ser Tyr Glv Ser Ala He Glu 
^5 70 75 80 

Gly Phe Ala Ala Gin Leu Thr Glu Ser Glu Ala Glu He Leu Arg Tv- 
85 90 95 

Ser Pro Glu Val Val Ala Val Arg Pro Asp Kis Val Leu Gin Val Gin 
100 105 110 
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Thr Thr Tyr Ser Tyr Lys Phe Leu Gly Leu Aso Gly Phe Glv Asn Ser 
115 120 125 

Gly Val Trp Ser Lys Ser Arg Phe Gly Gin Gly Thr lie lie Gly Va^ 
130 135 140 

Leu Asp Thr Gly Val -Trp Pro Glu Ser Fro Ser Phe Asp ^sp T^r Gly 
145 150 155 ^ 150 

Met Pro Ser lie Pro Arg Lys Trp Lys Gly He Cys Gin Glu Gly Glu 
165 170 175 

Ser Phe Ser Ser Ser Ser Cys Asn Arg Lys Leu He Gly Ala Arg Phe 
ISO 185 190 

;iPhe He Arg Gly His Arg Val Ala Asn Ser Pro Glu Glu Ser Pro Asn 
155 200 205 

:^;Mec Pro Arg Glu Tyr He Ser Ala Arg Asp Ser Thr Gly His Gly Thr 

'^l 210 215 220 

;fHis Thr Ala Ser Thr Val Gly Gly Ser Ser Val Ser Met Ala Asn Val 

\:225 230 235 240 

Leu Gly Asn Gly Ala Gly Val Ala Arg Gly Met Ala Pro Gly Ala His 
a 245 250 255 

,aie Ala Val Tyr Lys Val Cys Trp Phe Asn Gly Cys Tyr Ser Ser Asp 
:| 260 265 270 

=:"He Leu Ala Ala He Asp Val Ala He Gin Aso Lys Val Asp Val Leu 
275 280 " 2S5 

Ser Leu Ser Leu Gly Gly Phe Pro He Pro Leu Tyr Asp Asp Thr He 
290 295 300 

Ala He Gly Thr Phe Arg Ala Met Glu Arg Glv He Ser Val He Cys 
305 310 315 320 

Ala Ala Gly Asn Asn Gly Pro He Glu Ser Ser Val Ala Asn Thr A- a 
325 330 335 • 

Pro Trp Val Ser Thr He Gly Ala Gly Thr Leu Aso Arc A-g Ph^ ^r-o 
340 345 ' " 350 

Ala Val Val Arg Leu Ala Asn Gly Lys Leu Leu Tyr Gly Glu Ser Leu 
355 360 365 

'Tyr Pro Gly Lys Gly He Lys Asn Ala Gly Arg Glu Val Glu Val He 
370 375 380 

Tyr Val Thr Gly Gly Asp Lys Gly Ser Glu Phe Cys Leu Arg Gly Se- 

390 395 ' 400 

Leu Pro Arg Glu Glu He Arg Gly Lys Met Val He Cys Aso Arg Gly 
405 410 415 

Val Asn Gly Arg Ser Glu Lys Gly Glu Ala Val Lys 'Glu Ala Gly Gly 
420 425 430 

Val Ala Met He Leu Ala Asn Thr Glu He Asn Gin Glu Glu Asp Ser 
435 440 445 
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:ie Asp Val His Leu Leu Pro Ala Tar Leu lie Gly Tyr Thr Glu Ser 
450 455 460 



Val Leu Leu Lys Ala Tyr Val Asn Ala Thr Val Lys Pro Lys Ala Arg 
455 470 475 480 

■Ile-Ile- Phe Gly Gly -Th-r Val lie Gly Arg Ser- - 
485 490 



<210> 5 
<211> 1970 
<212> DMA 

<213> Arabidopsis thaliana 



<400> 5 
.gccgactttg 
".tgacaacatt 
'accccaagat 
;acattcagat 
^gtttatgttt 
itctgctgaca 
laacttgactc 
cgcttccttc 
|tggagcgtag 
;,atacttgttc 
■'aagataatca 
.actgttatag 
?aaacatggat 
%t:g'gttt:gtt 
'atcatcgatg 
attatgatcc 
aagaactgat 
taagaaaaga 
aaatctct tc 
gttttcatgt 
cattcgtcat 
tgggcttata 
gacgtagtac 
gaacgaacac 
tcaaggcttt 
gttgattatt 
ccaaataaat 
aaaacctaac 
acaaggcaga 
tcatgtctta 
Cucgtgaggc 
tcccaggtct 
accatigcact 



attcaagctt 
gacatttctc 
cctacattat 
gataaaatct 
tagacactaa 
ggcgctrgat 
tccaggcaac 
tactgatutc 
ggcagagaca 
ttgatgaagc 
gaacagagtc 
acagtgacct 
ctttcttcat 
gcaggtagag 
ttcttgaaat 
tccatg-taa 
atgtgacaaa 
aaaagcatga 
tgtcgaacat 
1 1 a~ caat aa 
cai:ccct:caa 
agttgtacag 
ccgatgacaa 
taaccacgct 
aactaagttt 
aagttactgt 
rtcaaaacct 
cataacatcc 
caaaaaagcc 
gaaaaaaata 
agacctccta 
tgaatitctct 
tcaactacac 



tgtttcgatt 
aaatcggtct 
T:tgaaggaac 
Q'Q'S'aggtatc 
actctgagat 
aaatcccagc 
tacttacacc 
cttggctcaa 
gcttgtgtca 
aacagcatcg 
tgaagactgc 
agttttggtt 
attacLcgtc 
tagcagagtt 
tggtaacaga 
aaattcagtC 
agcttaaggt 
aaggatgcca 
cgggagaaac 
actgcaaaaa 
gtgtgatccg 
agcccaacat 
aacgaggcgc 
gctgcatt ta 
aatagtatgt 
taaatgaatt 
tiLtgctgctg 
cgtgaacaag 
tcacaagtga 
aaagagaaga 
ctcttcacga 
tcattcccct 
taaaccaact 



gattgagcca 
tcatgatctt 
aatccgagca 
tataaatatg 
ttggagtttg 
tcggagacgt 
aaaagccctc 
aaccgagtag 
cttggacgag 
gttgacacag 
acggtctgca 
ctcagcgacg 
gtcttttggg 
tgatactcct 
acactcctca 
tagggggtct 
Gtaaagtaag 
aaatictccgc 
ttttcttgta 
caaacaaaga 
tactgggctt 
aacaatatct 
gttgagcgtg 
acccctttcu 
t tic t aaaaaa 
ttctttggct: 
aaaaaggcta 
gaaaaaaaaa 
aaaaccttaa 
agctcctacc 
gcttcatcac 
ttaaataccc 
ccttttttca 



accgctggaa 
cgtagtcgcc 
aatcttgacc 
ttgtttgata 
attctagaga 
tgttagagga 
tcttttcccc 
tacTiggaaaa 
cattactgaa 
caacagacaa 
ccattgctca 
gt tagtctca 
agaattcaat 
gcacggctat 
agazccactg 
ct ccucucaa 
agagagt-ttc 
gcttaaaaaa 
tggaacag-r 
ttagagtaga 
actataagtg 
gtacgacgcc 
cgtgtacaaa 
caacgg"cgt 
atacatatat 
tggcaaaacc 
cacaaactac 
ggaaaaacag 
acagcttLcag 
tctgcaacar 
cttcttcctt: 
tattcttctt 
accctcCcca 



aaattactat 
ttgggattat 
cacttgaaga 
ctcctatctc 
tttacccaac 
aaagacctaa 
gggtcttttt 
cggagataac 
acaagccaaa 
tctgatccag 
ccggatacca 
tacaaattaa 
gtttatgttt 
tagaagacaa 
gaacccctga 
gaggacataa 
ccacagggtt 
ccttgggtct 
agcttctttg 
aactactaat 
taatcagtac 
gttttgttgt: 
tgcacgtagt 
atttcccrat 
ttggccaatg 
tcaatggaaa 
tacacgcaat 
agacacagag 
ttaatacagc 
acaaaggata 
agactccaaa 
ctLCtctaaa 



60 

120 

130 

240 

300 

360 

420 

480 

540 

600 

660 

720 

780 

S4C 

900 

9 60 

1020 

1030 

1140 

1200 

1260 

1320 

1380 

1440 

1500 

1560 

1620 

1680 

1740 

1800 

1860 

1920 

1970 



<210> 6 
<211> 1140 
<212> BNA 

<213> Arabidopsis thaliana 



<400> 6 

aaatcatcga tgctcttgaa attggtaaca gaatactcct caagatctac tggaatccct 50 
gaattatgac cctccatgct aaaaattcag tttagggggt ctcctttictc aagaggatat 120 
aaaagaaccg atatgtgaca aaagcttaag gtctaaagta agagagagtt ttccacaggg 180 
tttaagaaaa gaaaaagcat gaaaggatgc caaaatctcc gcgcttaaaa aactCtgggt 240 
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ttaaatctct 
tggccttcat. 
s-tcs-tticg^c 
actgggctca 
gtgacgtagt 
gtgaacgaac 
attcaaggct 
■tggttgatta 
aaccaaataa 
acaasaccca 
agacaaggca 
gttcatgtct 
tactcgtgag 
aatcccaggt 
aaaccatgca 



tctgccgaac 
g^ttatcaac 
accatccctc 
caagttgtac 
acccga.tgac 
accaaccacg 
ttaac taagt. 
tcaagtcatc 
atttcaaaat 
accataacat 
gacaaaaaag 
ti agaaaaaaa 
gcagagctct: 
tttgaattcu 
cctcaactac 



atCgggagaa 
aaactgcaaa 
aag-cgcgacc 
agagcccaai: 
aaaacgaggc 
ctgccgcazc 
ttaacagtat 
gttaaatgaa 
ctttcgt ugc 
ctcgcgaaca 
ccttacaagt 
taaaagagaa 
tactcttcac 
cctcattctc 
actaaaccaa 



accutcccug 
aacaaacaaa 
cgtattgggc 
ataacaacat 
gcgttgagcg 
taattccttt 
gtctttaaaa 
ncctccttgg 
tgaaaaaggc 
aggaaaaaaa 
gaaaaacctt 
gaagctccta 
gagcttcatc 
ccLtaaatac 
ctcctttttt 



tacggaacag 
gatcagagta 
ctattataag 
ccgtacgacg 
tgcgugcaca 
ctcaacggcc 
aaatacacat 
cttggtaaaa 
cacacaaact: 
aaggaaaaac 
aaacagcctc 
cctccgcaac 
atcttctccc 
cccatccttc 
taactctccc 



tcagczcctt 
gaaac caeca 
ugcaatcagt. 
tcgctttgtt 
aatgcacgta 
gtattctccc 
atctggccaa 
cttcaatgga 
actatacgca 
agagacacag 
agt caatata 
acacaaagga 
ttagactcca 
ttcttctcta 
caatggaacc 



300 

350 

420 

480 

540 

600 

660 

720 

780 

840 

900 

960 

1020 

1080 

1140 



<210> 7 
<211> 3865 
<212> DNA 

<213> Solaiiuin tuberosum 
<220> 

<221> exon 
<222> (3) . . (551) 

<220> 

<221> intron 
<222> (552) . . (966) 

<220> 

<221> exon 

<222> (967) . . (1654) 

<220> 

<221> intron 

<222> (1655) - . (1737) 

<220> 

<221> exon 

<222> (1738) , . (2222) 

<220> 

<221> intron 

<222> (2223) . . (2485) 

<220> 

<2 21> exon 

<222> (24S6) , . (3252) 

<220> 

<221> CDS 

<222> (3) . . (551) 

<220> 
<221> CDS 

<222> (967) . . (1553) 

<220> 
<221> CDS 

<222> (1737) . . (2222) 



<220> 
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<221> CDS 

<222> (2486) . . (3253) 
<400> 7 

ga acc ctg tec aac ccc ttc aaa tac ccc cat caa att ata tea aca 47 
lie Leu ?he Asn Pro Fhe hys Tyr Pro His Gin lie lie Ser Thr 
15 10 15 

aac att cca tta ttc aac etc aaa tat aac tea atg gaa etc aat ttc 95 
Asn lie Fro Leu Phe Asn Phe hys Tyr Asn Ser Met Glu Leu Asn Phe 
20 25 30 

caa ttc tac ttt etc tgt ttt eta ccc tgt ttt att ccc ctg cTia caa 143 
Gin Phe Tyr Phe Leu Cys Phe Leu Leu Cys Phe lie Pro Leu Leu Gin 
35 40 45 

get caa aat ttg caa act tat ata gta caa tta cac cca caa cat gca 191 
Ala Gin Asn Leu Gin Thr Tyr lie Val Gin Leu His Pro Gin His Ala 

50 - 55 60 - 

tea aca aga acc ect ttt agt tct aaa ttt cag tag cac ctt tea ttt 239 
Ser Thr Arg Thr Pro Phe Ser Ser Lys Phe Gin Trp His Leu Ser Phe 
65 70 75 

ctt gaa aat ttc aca aac att cca tta tec aac ttc aaa tat att caa 287 
Leu Glu Asn Phe Thr Asn lie Pro Leu Phe Asn Phe Lys Tyr lie Gin 
80 S5 90 95 

tgg aac tea att cca att eta ttt etc tgt ttc tac tct gtt tat tec 335 
Trp Asn Ser lie Pro lie Leu Phe Leu Cys Phe Tyr Ser Val Tyr Ser 
100 105 110 

cct get aca age ate tec tea ggz gaa aac teg agt tct cge ctt ttg 383 
Pro Ala Thr Ser lie Ser Ser Gly Glu Asn Ser Ser Ser Arg Leu Leu 
115 120 125 

tac tct tac cat tct gca ttt gaa ggt ttt gca gca czz eta tct gaa 431 
Tyr Ser Tyr His Ser Ala Phe Glu Gly Phe Ala Ala Leu Leu Ser Glu 
13Q 135 140 

aat gag eta aag gca ctg aag aaa teg aat aat gtg tta tea at a tat 47 9 
Asn Glu Leu Lys Ala Leu Lys Lys Ser Asn Asn Val Leu Ser lie Tyr 
145 150 155 

eeg gag agg aag ctt gag gtc caa aca aet cat tct tac aag tte eta 527 
Pro Glu Arg Lys Leu Glu Val Gin Thr Thr Tyr Ser Tyr Lys Phe Leu 
160 155 170 ^ 175 

gga ctt agt cct aca aag caa ggt atgetacata geetgeaata eaeaeaaagt 5 81 
Gly Leu Ser Pro Thr Lys Glu Gly 
180 

tS"^g"9"3-aaea aegagteata aggetetate tattaaaega ctagectgga ceagagegtc 641 
acacgtagga teeaaacttg tgaattaagg aaaattctta aaceccettt acaacegcee 701 
tggagtcatc tcetatgtca aegegaetea acageecata tataacaaaa aggatttgtc 761 
tttacettgt teecgaagta aaaatatttc aacgaagggg attcaaeega accccaeegg 321 
tecccttcaa cecegctaat agatattetc tatgtatttc atttaagact tgaatcttta 891 
agetttaaat tetctatgtt cecteggagc ctttcntetn aettactttt ataetgectt 941 
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L-gtaL-cutti, tttCL-ccaai: aaggr acz egg cca aag tct gga tec gg*- 503 

Thr Trp Leu Lys Ser Gly Phe Gly Arg 
185 190 

ggc gcg ace att gga gcc ctt gat acc gga att rgg cca gaa ag- cca 10^1 
Gly Ala lie lie Gly Val Leu Asp Thr Gly lie Trp Fro G^u Se^ Pro 
"^55 - - 200 '205 

agt ttt gcu gar cac gga atg ecu cct ate cca aag aaa egg aaa gat 1089 
Ser Phe Val Asp His Gly Met Ser Pro lie Pro Lys Lys Tr-o lvs Gly 
210 215 220 - - ^ 

ntc tgc- caa gaa gga aaa aac ttc aat tct tea age egc aat cgc aag 1137 
Xaa Cys Gin Glu Gly Lys Asn Phe Asn Ser Ser Ser Cys Asm Arg Lys 
, 225 230 235 240 

I ctt att ggt gca agg ttt ttc cag aea gga cac atg atg gca tea aag 1185 
I Leu lie Gly Ala Arg Phe Phe Gin He Gly His Met Met Ala Se^ Lys 
I 245 250 255 

I aca tea aaa tea ata gat tet atg gag gat tat gca tea cct cga aat 1233 
I Thr Ser Lys Ser zle Asp Phe Met Glu Asp Tyr Val Ser Pro Arg Asp 
; 260 265 270 



^ tCL caa ggc cat ggt aca cat aca gca tct act gca gga caa get ccc 
.i^ Ser Gin Gly His Gly Thr His Thr Ala Ser Thr Ala Gly Glv Ala Pro 
1 275 280 235 



ggt tgt tat agt tct gat ata ctt gca gca atg gat gea get aee aga 
Gly Cys Tyr Ser Ser Asp lie Leu Ala Ala Mee Asd Val Ala I'e A-g 
325 330 ^ 335 



gga att eca get ata tgt get gca gga aat aat gge cca att c^a a^t 
Gly He Ser Val xle Cys Ala Ala Gly Asn Asn Gly Pro Tie Leu S^- 

375 380 



128j 



I get cca atg gcg agt gtg ctt gga aat gga gca gga gag get caa ggg 1399 

I Val Pro Met Ala Ser Val Leu Gly Asn Gly Ala Gly Glu Ala i^rcr Gly 
I 290 295 . 300 

atg gcc cce ggt get cat aec gcg ata tac aaa gte tgt tga tct ag^ '^77 

Met Ala Pro Gly Ala His He Ala He Tyr Lys Val Cys '^ro Se^ Se- 

305 310 315 " ^ 320 
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gat gga gta gac aea ttg tee cet tea aet gge ggt eec cct gtt cca 1^73 

Asp Gly Val Asp He Leu Ser Leu Ser He Gly Gly Phe Pro Val Pro 
340 345 350 

ctt tat gag gat ace ate gee aet ggc agt tte cga get atg gaa cat 1521 

Leu Tyr Glu Asp Thr He Ala He Gly Ser Phe Ara Ala Met Glu A^g 
355 360 365 



1569 



tea gua gca aat gag get cce tgg aet gcc act ate agt ace aac aea 1517 

Ser Val Ala Asn Glu Ala Pro Trp He Ala Thr He Gly Ma slr Thr* 
3S5 390 395 4OG 

cee gac agg aaa tte cca gea ata att cag eta cgt atgtcacatt i^^^3 

Leu Asp Arg Lys Phe Pro Ala He He Gin Leu Gly 
405 410 

ttgtttctta aaatgatate ecgcgtgtte ccagcctaaa ttaegegtcc cteatecaea 1723 
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ttttccaaca ggz aat ggc aag tac grg cat gga gaa tec teg tac ccg 1772 
Asn Gly Lys Tyr Val Tyr Giy Glu Ser Lau Tyr Pro 
415 420 

ggc aaa caa gtt cac aat tct cag aaa gtc ctt gag ate gtt tat ccc 1320 
Gly Lys Gin Val His Asn Sar Gin Lys Val Leu Glu lie Val Tyr Leu 
425 430 435 440 

aat gac ggt gat aat gga agt gaa ttc tgc tta aga ggg ccc ctg cca 1868 
Asn Asp Gly Asp Asn Gly Ser Glu Phe Cys Leu Arg Gly Ser Leu Pro 
445 450 455 

aga get aaa gtc cat gga aaa ate gtt gta tgt gat cgt gga gtt aat 1S16 
Arg Ala Lys Val Kis Gly Lys He Val Val Cys Asp Arg Gly Val Asn 
460 465 470 

gga aga gca gag aaa ggt caa gtt gtt aaa gaa tea ggt ggt gtt gee 1954 
Gly Arg Ala Glu Lys Gly Gin Val Val Lys Glu Ser Gly Gly Val Ala 
475 ~ 480 435 

atg ate eta gca aat aca gca gta aat atg gag gaa gat tct gtg gac 2 012 
Met lie Leu Ala Asn Thr Ala Val A.sn Met Glu Glu Asp Ser Val Asp 
490 495 500 

gta cat gtc eta ccc gca aca ttg att ggt ttt gac gaa tea att cag 2060 
Val Kis Val Leu Pro Ala Thr Leu He Gly Phe Asp Glu Ser He Gin 
505 510 515 520 

ttg caa age tat atg aac tea acg cga aaa eca aca get cga ate ata 2103 
Leu Gin Ser Tyr Met Asn Ser Thr Arg Lys Pro Thr Ala Arg He He 
525 530 535 

^ ttt gga gga aca gtt ata cga aaa tct agt gca cet get gta gca caa 2156 
Phe Gly Gly Thr Val He Gly Lys Ser Ser Ala Pro Ala Val Ala Gin 
540 545 550 

ttt tct tea agg ggt cca agt ttt act gat cet tea att etc aaa cet 2204 
Phe Ser Ser Arg Gly Pro Ser Phe Thr A.sp Pro Ser He Leu Lys Pro 
555 560 565 

gat gtg att get eca ggt cagtttttat tgaaeceaca attatttatt 2252 
Asp Val He Ala Pro Gly 
570 

tagatcatag atagcaatgt gaccaacagg ttagggattc gagcegtgga atctatcatt 2312 

gatgcttgaa tcagggtaga ctgettacat caeacecttc accagaceac geatgaaaac 2372 

gggatgctet ttttatatgc atgtgaaaaa aaccttaata aatagtgtaa tgttatgttc 2 432 

tgaacctata ccttcgtata actcagaate ttgaatcege etctgctcca ggt gtc 24S8 

Val 
575 

aac ata att get get tgg ccg caa aat eta ggt cet agt ggc ctg get 2536 
Asn He He Ala Ala Trp Pro Gin Asn Leu Gly Pro Ser Gly Leu Ala 
530 585 * ' 590 

gag gat tea aga aga gta aac ttc act gtc tta tea gga act tea atg 2584 
Glu Asp Ser Arg Arg Val Asn Phe Thr Val Leu Ser Gly Thr Ser Met 
595 600 605 



get tgt cet eat gtt agt ggc att get gca eta etc cat tea att cat 



2632 
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Ala Cys Pro His Val Ser Gly He Ala Ala Leu Leu His Ser He His 
610 €15 620 

ccc aaa tgg tea cca gcc gca acc aaa tec gcg eta azg aca ace gca 2 6S0 

Pro Lys Trp Ser Pro Ala Ala He Lys Ser Ala Leu Met Thr Thr Ala 
625 63Q 635 

gac aca aca aac cac caa gga aaa cca ate atg gat cgt gac aca cga 272S 

Asp Thr Thr Asn His Gin Gly Lys Pro lie Met Asp Gly A-sp Thr Arg 

640 645 650 ^ 655 

gcz gga etc tec gee ata gga gcc gga cat gta aat cct gga aga tec 2776 

Ala Gly Leu Phe Ala He Gly Ala Gly His Val Asn Pro Gly Arg Ser 

660 665 €70 

gat gat ccc gga ttg ata tat gac att aat gca aat gac tat ate act 2824 

Asp Asp Pro Gly Leu He Tyr Asp lie Asn Ala Asn Asp Tyr He Thr 
675 680 635 

cac ctt tgc act att ggt tac aaa aac tct gaa ate czc age att act 2 372 

His Leu Cys Thr He Gly Tyr Lys Asn Ser Glu He Leu Ser He Thr 
690 595 700 

cac aag aat gtt age ' tgc cac gac gtt tta cag aaa aac agg ggt ttt 292C 

His Lys Asn Val Ser Cys His Asp Val Leu Gin Lys Asn Arg Gly Phe 
705 710 715 

agt etc aat tac ccc tct att tec gta ate ttt aag gca gga aaa acg 2968 

■^Ser Leu Asn Tyr Pro Ser lie Ser Val He Phe Lys Ala Gly Lys Thr 

=720 725 730 735 

.;iaga. aaa atg ate aca agg aga gtg aca aat gtg ggg agt cct aac cca 3016 

^Arg Lys Met He Thr Arg Arg Val Thr Asn Val Gly Ser Pro Asn Ser 

740 745 750 

ate tac tea get gaa act gcg gca cca gaa gga gtt aaa gtg aga gtt 3064 

He Tyr Ser Val Glu He Val Ala Fro Glu Gly Val Lys Val Arg Val 
755 760 755 

aaa ccg cga cgt ctg gta tct aaa cac get aat caa age tta agt eac 3112 

Lys Pro Arg Arg Leu Val Phe Lys His Val Asn Gin Ser Leu Ser Tyr 
770 775 780 

aga get tgg ttt ata tea agg aag aga act ggg act caa agg aga age 3160 

Arg Val Trp Phe He Ser Arg Lys Arg He Gly Thr Gin Arg Arg Ser 
785 790 795 

ttt gca gaa gga caa ttg aeg tgg ate aac tee aga gat aaa tac cag 3208 

Phe Ala Glu Gly Gin Leu Met Trp He Asn Ser Arg Asp Lys Tyr Gin 

300 805 810 * 815 

aaa gtt aga agt cct act tea gtt gca egg gca cca aag aag tga 3253 
Lys Val Arg Ser Pro He Ser Val Ala Trp Ala Ser Lys Lys 

820 825 ^ 830 

aggeegtgcc tatteeeacg eacaeggaaa aeaggcaggc taegtgccat aacatatact 3313 

actgatagtg taaaaattct ttatactatc agcgtagaca gtaegeaage ngaatccaet 3373 

geegtageac caaagtttca eegetccgaa catttaatta ggattctact actatattgt 3433 



accagcacca aaagtttcat cgtcttagtt ccaaaaattt gaetaagcet ttaagttgea 3 493 
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tzcgtcttragt tccaaacacg ttactataac ttgczgataa aaacgtaaac aatcaccaaa 3 553 
tagggtattg aacatccaaa gaactcagga taaccaaaca aacaacaaaa aaacgaaaac 3 513 
acaaaattgr tcctattcag taattrctaca aatgtcaatt gttttgagaa ctcatcgatc 3 673 
ttgcaataaa ttcatagaag aactcgtcta ttttagtaaa atacagatca gaatutcc::t 3733 
gcttigttcaa gtttcattct tttcatttta tttcactcta aaaaaagacc caaagtttgc 3793 
ctcataaaag aatttitctci: tatcacataa gagggagtta gtgctgactt tccccttatc 3853 
atatccgccg ac 3 365 



<210> 8 
<211> 829 
<212> PRT 

<213> Solanuiri tuberosum 
<400> 8 

He Leu Phe Asn Pro Phe Lys Tyr Pro Kis Gin lie He Ser Thr Asn 
15 10 15 

He Pro Leu Phe Asn Phe Lys Tyr Asn Ser Met Glu Leu Asn Phe Qln 
20 25 30 

Phe Tyr Phe Leu Cys Phe Leu Leu Cys Phe He Pro Leu Leu Gin Ala 
35 40 45 

^Gln A.sn Leu Gin Thr Tyr He Val Gin Leu His Pro Gin His A.la Ser 

1 50 55 , 60 

Thr Arg Thr Pro Phe Ser Ser Lys Phe Gin Trp His Leu Ser Phe Leu 

65 70 75 80 

Glu Asn Phe Thr Asn He Pro Leu Phe Asn Phe Lys Tyr He Gin Tro 
35 90 " 95 ^ 

Asn Ser He Pro He Leu Phe Leu Cys Phe TVr Ser Val Tyr Ser Pro 
100 105 110 

Ala Thr Ser He Ser Ser Gly Glu Asn Ser Ser Ser Arg Leu Leu Tvr 
115 120 125 

Ser Tyr His Ser Ala Phe Glu Gly Phe Ala Ala Leu Leu Ser Glu Asn 
130 135 140 

Glu Leu Lys A,la Leu Lys Lys Ser Asn Asn Val Leu Ser He TVr Fro 
145 150 155 ' 160 

Glu Arg Lys Leu Glu Val Gin Thr Thr Tyr Ser Tyr Lys Phe Leu Gly 
165 170 175 

Leu Ser Pro Thr Lys Glu Gly Thr Trp Leu Lys Ser Gly Phe Gly Arg 
180 185 190 

Gly Ala He He Gly Val Leu Asp Thr Gly He Trp Pro Glu Ser Pro 
195 200 ~ 205 

Ser Phe Val Asp His Gly Mec Ser Pro He Pro Lys Lys Trp Lys Gly 
210 215 220 
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Xaa Cys Gir: Glu Gly Lys Asn ?he Asn Ser Ser Ser Cys ^^=:n a-c Lvs 
225 230 235 * ^ " ^'^"^ 240 

Lsu lie Gly Ala Arg Phe Phe Gin lie Gly His Mec Met Ala Ser Lys 
245 250 255 

Tiir Ser Lys Ser He Asp Phe He- Glu Asp Tyr Val Ser Pro Arg Asp 
260 255 270 

Ser Gin Gly His Gly Thr His Thr Ala Ser Thr Ala Gly Gly Ala ^r-Q 
275 280 285 

Val Pro Mec Ala Ser Val Leu Gly Asn Gly Ala Gly Glu Ala Arg Gly 
250 295 300 

Met Ala Pro Gly Ala His He Ala He IH/r Lys Val Cys Tno Ser ^er 
305 310 315 ' 320 

Gly Cys Tyr Ser Ser Asp He Leu Ala Ala Met Asp Val Ala He Arg 
325 330 ^ 335 

; Asp Gly Val Asp He Leu Ser Leu Ser He Gly Gly Phe Pro Val Pro 
^' 340 345 350 

\ Leu Tyr Glu Asp Thr He Ala He Gly Ser Phe Arg Ala Met Glu Arg 
355 360 365 

; Gly He Ser Val He Cys Ala Ala Gly Asn Asn Gly Pro He Leu ^e^* 

: 370 375 380 

; Ser Val Ala Asn Glu Ala Pro Trp He Ala Thr He Gly Ala Ser r^^r 

;3S5 390 . 395 ' ^ ' 4OO 

Leu Asp Arg Lys Phe Pro Ala He He Gin Leu Glv Asn Gly Lvs Ty^ 
405 410 " 415 

Val Tyr Gly Glu Ser Leu Tyr Pro Gly Lys Gin Val His Asn Se- Gin 
420 425 430 

Lys Val Leu Glu He Val Tyr Leu Asn Asu Gly Asp Asn Cy Ser Glu 
43b 440 445 

Phe Cys Leu Arg Gly Ser Leu Pro Arg Ala Lys Val His Gly Lvs Tie 
^-50 455 460 

Val Val Cys Asp Arg Gly Val Asn Gly Arg Ala Glu Lys Glv Val 
'-^5 470 475 " ^" 480 

Val Lys Glu Ser Gly Gly Val Ala Mec He Leu Ala Asn Thr Ala Val 
485 490 495 

Asn Met Glu Glu Asp Ser Val Asp Val His Val Leu Pro Ala Th- LeT^ 

505 510 

He Gly Phe Asp Glu Ser He Gin Leu Gin Ser Tvr Mer A=^n T'-^r 

520 " 525 

Arg Lys Pro Thr Ala Arg He He Phe Glv Gly Th^ Vai I-^ ^^ly 'vs 
530 535 540 

Ser Ser Ala Pro Ala Val Ala Gin Phe Ser Ser Arg Gly Fro Ser pbe 

^50 555 
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Thr Asp Pro Ser lie Leu L-ys Pro Asp Val lie Ala Pro Gly Val Asn 
555 570 575 

lie lie Ala Ala Trp Pro Gin Asn Leu Qly Pro Ser Gly Lsu Ala Glu 
580 535 590 

Asp Ser Arg Arg Val Asn Phe Thr Val Leu Ser Gly Thr Ser Met Ala 
— ' 595 600 505 

Cys Pro His Val Ser Gly lie Ala Ala Leu Leu His Ser lie His Pro 
610 615 620 

Lys Trp Ser Pro Ala Ala lie Lys Ser Ala Leu Mec Thr Thr Ala Asp 
625 630 635 540 

Thr Thr Asn His Gin Gly Lys Pro lie Met Asp Gly Asp Thr Arg Ala 
645 650 655 

Gly Leu Fhe Ala He Gly Ala Gly His Val Asn Pro Gly Arg Ser Asp 
660 665 670 

Asp Pro Gly Leu lie Tyr Asp He Asn Ala Asn Asp Tyr He Thr His 
675 GQQ 585 

Leu Cys Thr He Gly Tyr Lys Asn Ser Glu He Leu Ser He Thr His 
690 695 700 

Lys Asn Val Ser Cys His Asp Val Leu Gin Lys Asn Arg Gly Phe Ser 
705 710 715 720 

Leu Asn Tyr Pro Ser He Ser Val He Phe Lys Ala Gly Lys Thr Arg 
725 ' 730 735 

Lys Met He Thr Arg Arg Val Thr Asn Val Gly Ser Pro Asu Ser He 
740 745 750 



yr Ser Val Glu He Val Ala Pro Glu Gly Val Lys Val Arg Val Lys 
755 760 765 

Pro Arg Arg Leu Val Phe Lys His Val Asn Gin Ser Leu Ser Tyr Arg 
770 775 780 

Val- Trp Phe He Ser Arg Lys Arg He Gly Thr Gin Arg Arg Ser Phe 
785 790 795 8Q0 

Ala Glu Gly Gin Leu Mec Trp He Asn Ser Arg Asp Lys Tyr Gin Lvs 
805 810 " ' 815 

Val Arg Ser Pro He Ser Val Ala Trp Ala Ser Lvs Lys 
820 825 



<210> 9 
<211> 2492 
<212> DNA 

<213> Solanun: cuberosuru 

<220> 

<221> CDS 

<222> (3) . , (2489) 



<400> 9 
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ga act ccg etc aac ccc ctt aaa tac ccc cac caa act aca tea aca 47 
lie Leu ?he Asn Fro Fhe Lys Tyr Pro His Gin lis lie Ser Thr 
1 5 10 15 

aac att oca eta etc aac ttc aaa tac aat tea atg gaa etc aat tec 95 

Asn lie Pro Leu Phe Asn Phe Lys Tyr Asn Ser Hec Glu Leu Asn Phe 

20 " 25 30 

caa ttc tat tec ccc tgc ttt eta etc tgt ttt att ccc ctg cca caa 143 

Gin Phe Tyr Phe Leu Cys Phe Leu Leu Cys Phe He Pro Leu Leu Gin 
35 40 45 

get caa aat ttg caa act tat ata gta caa tta cat cca caa cac gca 191 

Ala Gin Asn Leu Gin 'Thr Tyr He Val Gin Leu Kis Pro Gin His Ala 
50 55 60 

tea aca aga acc cct ttt agt tct aaa ttt cag tgg cac ctt tea ttt 239 

Ser Thr Arg Thr Pro Phe Ser Ser Lys Phe Gin Trp His Leu Ser Phe 
:;5f 65 - 70 75 

4=^-= ctt gaa aat tec aca aac att cca tta ttc aac ttc aaa tat att caa 2 87 

IPi Leu Glu Asn Phe Thr Asn He Pro Leu Phe Asn Phe Lys lyr He Gin 
S| SO 85 90 95 

f f 1; 

Y/:; tgg aac tea ate cca att eta ttt etc tgt ttc tac tct gtt tat tec 335 

Trp Asn Ser He Pro He Leu Phe Leu Cys Phe lyr Ser Val Tyr Ser 
L. 100 105 110 

r=^-cct get aca age att tec tea ggt gaa aac teg agt tct cgc ctt ttg 3 33 

f^^^Pro Ala Thr Ser He Ser Ser Gly Glu Asn Ser Ser Ser Arg Leu Leu 
Q 115 120 125 

|v.^::tac tct tac cat tee gca ttt gaa ggt etc gca gca etc eta tee gaa 431 

Tyr Ser Tvr His Ser A.la Phe Glu Gly Phe Ala Ala Leu Leu Ser Glu 

130 135 140 

aat gag cca aag gca ctg aag aaa teg aat aac gtg tta cca ata cat 479 

Asn Glu Leu Lys Ala Leu Lys Lys Ser Asn Asn Val Leu Ser He Tyr 
145 150 155 

ccg gag agg aag ctt gag get caa aca act tat tct eac aag etc tta 527 

Pro Glu Arg Lys Leu Glu Val Gin Thr Thr Tyr Ser Tyr Lys Phe Leu- 
ISO 165 170 175 

gga ctt agt ccc aca aag gaa ggt act tgg tta aag tct gga tct ggt 5 75 
Gly Leu Ser Pro Thr Lys Glu Gly Thr Trp Leu Lys Ser Gly Phe Gly 
ISO 185 19C 

cga ggc gcg acc act gga gtt etc gat ace gga att tgg cca gaa agt 623 

Arg Gly Ala He He Gly Val Leu Asp Thr Gly He Trp Pro Glu Ser 
195 200 205 

cca age tct gee gat cat gga aeg ect cct ate cca aag aaa tgg aaa 671 
Pro Ser Phe Val Asp Kis Gly Mee Ser Pro He Pro Lys Lys Trp Lys 

210 215 220 

ggt ntc tgc caa gaa gga aaa aac tec aae tct tea age tgc aat cgc 719 

Gly Xaa Cys Gin Glu Gly Lys Asn Phe Asn Ser Ser Ser Cys Asn Arg 
225 230 235 

aag ctt ate gge gca agg ttt ttc cag aca gga cac aeg aeg gca cca 7 57 

Lys Leu He Gly Ala Arg Phe Phe Gin He Gly Kis Met Mee Ala Ser 
240 245 25Q 255 
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aag aca tea aaa tea ata gac urc atg gag gar rat gra rca cct cga 
uys Thr Ser hvs Ser He As? Phe Mec Glu Asp Tyr Val Ser Pro Arg 
260 265 270 

gat tct caa ggc car ggr aca car aca gca ret act gca ggg gga get 
Asp Ser Gin Gly His Gly Thr His Thr Ala Ser Thr Ala Gly Gly Ala 
275 280 285 



ccc gtt cca arg gcg agr gtg crt gga aac gga gca gga gag get cga 
Pro Val Pro Met Ala Ser Val Leu Gly Asn Gly Ala Gly Glu Ala Arg 
290 295 300 



ggg atg' gee cct ggt get cat ate gcg ata tac aaa gtt rgr tgg tcr 
Gly Met Ala Pro Gly Ala His lie Ala He Tyr Lys Val Cys Trp Ser 
305 310 315 



agt ggc tgt tat agt tct gat ata ctt gca gca atg gat gca get att 
Ser Gly Cys Tyr Ser Ser Asp He Leu Ala Ala Met Asp Val Ala He 
320 325 330 335 



aga gat gga gta gac ata rtg tct ctt tea att ggt ggt trc cct gtt 
Arg Asp Gly Val Asp He Leu Ser Leu Ser He Gly Gly Phe Pro Val 
340 345 350 



cca ctt tat gag gat act att get att ggc agt ttr cga get atg gaa 

;:Pro Leu Tyr Glu Asp Thr He Ala He Gly Ser Phe Arg Ala Met Glu 

I 355 360 365 

^cgt gga att tea gtt ata tgt get gca gga aat aar ggt cca att eta 

'Arg Gly He Ser Val He Cys Ala Ala Gly A.sn Asn Gly Pro He Leu 
' 370 375 380 

agt tea gta gca aat gag get cct tgg att gcc act arc ggt get age 

Ser Ser Val Ala Asn Glu Ala Pro Trp He Ala Thr He Gly Ala Ser 

385 390 395 

aca ctt gac agg aaa ttt cca gca ara att cag eta ggt aar ggc aag 

Thr .Lea Asp Arg Lys Fhe Pro Ala He He Gin Leu Gly Asn Gly Lys 

400 405 410 415 



tar gtg tat gga gaa tec trg tac ccg ggc aaa caa gtt cat aat tct; 
Tyr Val Tyr Gly Glu Ser Leu Tyr Pro Gly Lys Gin Val His Asn Ser 
420 425 430 



cag aaa gtt ctt gag att gtr tat ccc aat gac ggt gar aac gga agt 
Gin Lys Val Leu Glu He Val lyr Leu Asn Asp Gly Asp Asn Gly Ser 
435 440 445 



gaa ttt tgc tta aga ggg tcr erg cca aga get aaa are cat gga aaa 
Glu Phe Cys Leu Arg Gly Ser Leu Pro Arg Ala Lys Val His Gly Lys 
450 455 450 



arc grt gta tgr gat cgc gga gtt aat gga aga gca gag aaa ggt caa 
He Val val Cys Asp Arg Gly Val Asn Gly Arg Ala Glu Lys Gly Gin 
455 470 475 



grr gtt aaa gaa tea ggr ggr grr gcc atg arc era gca aat aca gca 
Val Val Lys Glu Ser Gly Gly Val Ala Mer He Leu Ala Asn Thr Ala 
480 485 49G 495 



gta aat atg gag gaa gat tct gcg gac gta cac gtc cca cct gca aca 
Val Asn Met Glu Glu Asp Ser Val Asp Val His Val Leu Pro Ala Thr 



863 



911 



959 



1007 



1055 



1103 



1151 



1199 



1247 



1295 



1343 



1391 



1439 



1487 



22 



500 505 510 

ttg act ggt ttc gac gaa tea act cag teg caa age tac atg aac tea 1583 
Leu lie Gly Phe Asp Glu Ser lie Gin Leu Gin Ser Tyr Hec Asn Ser 
515 520 525 

acg cga aaa cca aca gcz cga ate aca ccc gga gga aca ctt aca gga 1631 
Thr Arg Lys Pro Thr Ala Arg lie lie Phe Gly Gly Thr Val lie Gly 
530 535 540 

aaa tct a.gc gea eet get gta gca caa rtt tec tea agg ggc cca agt 1679 
Lys Ser Ser Ala Pro Ala Val Ala Gin Phe Ser Ser Arg Gly Pro Ser 
545 550 555 

ttt act gac cet tea act ccc aaa act gat gtg att get cca ggt gtc 1727 
Phe Thr Asp Pro Ser lie Leu Lys Fro Asp Val lie Ala Pro Gly Val 
Q 560 565 570 575 

|4j aac ata ate get get tgg ceg caa aat cca ggc ccc age gge ctg get 1775 
I":, Asn lie lie Ala Ala Trp Pro Gin Asn Leu Gly Pro Ser Gly Leu Ala 
JSf 580 585 590 

^I gag gat tea aga aga gca aac ttc act gtc tta tea gga act tea atg 1823 
Cn^Glu Asp Ser Arg Arg Val Asn Phe Thr Val Leu Ser Gly Thr Ser Met 
'-1 595 600 605 

1:1 get tgt cct cat gtc agt ggc ate get gca eta etc cat tea att cat 1871 

irj^Ala. Cys Pro His Val Ser Gly lie Ala Ala Leu Leu His Ser lie His 
ll 620 

^;!!;cct aaa tgg tea cca gcc gca ate aaa tec gcg eta atg aca ace gca 1919 

^-f^Pro Lys Trp Ser Pro Ala Ala He Lys Ser Ala Leu Mec Thr Thr Ala 
625 630 635 

gac aca aca aac cac caa gga aaa cca ate atg gat ggt gac aca cga 1967 
Asp Thr Thr Asn His Gin Gly Lys Pro He Met Asp Gly Aso Thr Arg 
640 645 ^ 650 ^ 655 

gee gga cct etc gcc ata gga get gga cac gca aat cct gga aga ccc 2015 
Ala Gly Leu Phe Ala He Gly Ala Gly His Val Asn Pro Gly Arg Ser 
660 655 670 

gat gat ccc gga ttg ata cat gac act aat gca aat gac tac ate acc 20 63 
Asp Asp Pro Gly Leu lie Tyr Asp He Asn Ala Asn Asp Tyr He Thr 
675 680 685 

cac ctt tge act ate ggt tac aaa aac tct gaa ate etc age ate act 2111 
His Leu Cys Thr He Gly Tyr Lys Asn Ser Glu He Leu Ser He Thr 
690 695 700 

cac aag aat gtt age tgc cac gac get tea cag aaa aac agg ggt ttt 2159 
His Lys Asn Val Ser Cys His Asp Val Leu Gin Lys Asn Arg Gly Phe 
705 710 715 

age etc aat tac ccc tct acc tee gta ate ctt aag gca gga aaa acg 2207 
Ser Leu Asn Tyr Pro Ser He Ser Val He Phe Lys Ala Glv Lys Thr 
720 725 730 ' 735 

aga aaa acg acc aca agg aga gtg aca aat gtg ggg age ccc aat tea 2255 
Arg Lys Mec He Thr Arg Arg Val Thr Asn Val Gly Ser Pro Asn Ser 
740 745 ^ 750 

acc cac tea gtt gaa att gtg gca cca gaa gga get aaa gcg aga gtt 2303 
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He Tyr Ser Val Glu He Val Ala Pro Glu Gly Val Lvs Val Arg Val 
755 760 " 765 

aaa ccg cga cgc ctg gca tzz aaa cat gtt aat caa age tta agt tac 
Lvs Pro Arg Arg Leu Val Fhe Lys Kis Val Asn Gin Ser Leu Ser Tyr 
770 775 780 

■■aga--gtf -tgg tzz ana tea agg aag aga att ggg act caa agg aga age 
Arg Val Trp Phe He Ser Arg Lys Arg He Gly Thr Gin Arc Ara Ser 
785 790 795 

ttt gca gaa gga caa ttg acg tgg ate aac tec aga gac aaa cac cag 
Phe Ala Glu Gly Gin Leu Mec Trp He Asn Ser Arg Aso Lys Tyr Gin 
800 805 810 * 815 

aaa gtt aga agt act att tea gtt gca tgg gca tea aag aag tga 
Lys Val Arg Ser Pro He Ser Val Ala Trp Ala Ser Lys Lys 
820 825 



<210> 10 
<211> 829 
<212> PRT 

^<213> Solanum tuberosum 
<400> 10 

^He Leu Phe Asn Pro Phe Lys Tyr Pro His Gin He He Ser Thr Asn 
1 5 10 15 ^ 

lie Pro Leu Phe Asn Phe Lys Tyr Asn Ser Met Glu Leu Asn Phe Gin 
20 25 30 

Phe T^^^r Phe Leu Cys Phe Leu Leu Cys Phe He Pro Leu Leu Gin Ala 
35 40 45 

Gin Asn Leu Gin Thr Tyr i:e Val Gin Leu His Pro Gin His Ala Se^ 
50 55 60 

Thr Arg Thr Pro Phe Ser Ser Lys Phe Gin Trp His Leu Ser Phe Leu 
65 70 75 SO 

Glu Asn Phe Thr Asn He Pro Leu Phe Asn Phe Lys Tvr He Gin Trp 
S5 90 ' ^ 95 ^ 

Asn Ser He Pro He Leu Phe Leu Cys Phe Tyr Ser Val Tyr Ser Pro 
100 105 110 

Ala Thr Ser He Ser Ser Gly Glu Asn Ser Ser Ser Arc Leu Leu Tyr 
115 120 125 

Ser Tyr His Ser Ala Phe Glu Gly Phe Ala Ala Leu Leu S^- G" u A<=n 
130 135 140 

Glu Leu Lys Ala Leu Lys Lys Ser Asn Asn Val Leu Ser He ^/r Pr-o 
145 ISO 155 ISO 

Glu Arg Lys Leu Glu Val Gin Thr Thr T^^r Ser Tyr Lys Phe Leu Gly 
165 170 "* 175 

Leu Ser Pro Thr Lys Glu Gly Thr Trp Leu Lvs Ser Glv Phe Gly Arg 
180 185 ' ^ 190 ' 

Gly Ala He He Gly Val Leu Asp Thr Gly He Trp Pro Glu Ser Fro 
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195 200 205 

Ser ?he val Asp His Gly Mat Ser Pro lie Fro Lys Lys Trp Lys Gly 
210 215 220 

Xaa Cys Gin Glu Gly Lys Asn Phe Asn Ser Ser Ser Cys Asn Arg Lys 
225 ^ 230 235 240 

Leu lie Gly Ala Arg Phe Phe Gin lie Gly His Met Met Ala Ser Lys 
245 250 255 

Thr Ser Lys Ser lie Asp Phe Met Glu Asp Tyr Val Ser Pro Arg Asp 
260 265 270 

Ser Gin Gly His Gly Thr His Thr Ala Ser Thr Ala Gly Gly Ala Pro 
275 280 285 

Val Pro Met Ala Ser Val Leu Gly Asa Gly Ala Gly Glu Ala Arg Gly 
■290 , 295 300 

Met Ala Pro Gly Ala His lie Ala lie Tyr Lys Val Cys Trp Ser Ser 
305 310 315 320 

Gly Cys Tyr Ser Ser Asp He Leu Ala Ala Met Asp Val Ala He Arg 
325 330 335 

Asp Gly Val Asp He Leu Ser Leu Ser He Gly Gly Phe Pro Val Pro 
340 345 350 

Lsu Tyr Glu Asp Thr He Ala He Gly Ser Phe Arg Ala Met Glu Arg 
355 360 365 

Gly He Ser Val He Cys Ala Ala Gly Asn Asn Gly Pro He Leu Ser 
370 375 380 

Ser Val Ala Asn Glu Ala Pro Trp He Ala Thr He Gly Ala Ser Thr 
385 390 , 395 400 

Leu Asp Arg Lys Phe Pro Ala He He Gin Leu Gly Asn Gly Lys Tyr 
405 410 ' ^ 415 

Val Tyr Gly Glu Ser Leu Tyr Pro Gly Lys Gin Val His Asn Ser Gin 
420 425 430 

Lys Val Leu Glu He Val Tyr Leu Asn Asp Gly Asp Asn Gly Ser Glu 
435 440 445 

Phe Cys Leu Arg Gly Ser Leu Pro Arg Ala Lys Val His Gly Lys He 
450 455 460 

Val Val Cys Asp Arg Gly Val Asn Gly Arg Ala Glu Lys Gly Gin Val 
465 470 475 480 

Val Lys Glu Ser Gly Gly Val Ala Met He Leu Ala Asn Thr Ala Val 
485 490 495 

Asn Mec Glu Glu Asp Ser Val Asp Val His Val Leu Pro Ala Thr Leu 
500 505 510 

He Gly Phe Asp Glu Ser He Gin Leu Gin Ser Tyr Met Asn Ser Thr 
515 ^ 520 ^ 525 

Arg Lys Pro Thr Ala Arg He He Phe Gly Gly Thr Val He Gly Lys 



25 



530 535 540 

Ssr Ser Ala Pro Ala Val Ala Gin ?hs Ser Ser Arg Gly Pro Ser Phe 
545 550 555 560 

Thr Asp Pro Ser He Leu Lys Pro Asp Val He Ala Pro Gly Val Asn 
565 570 575 

He He Ala Ala Trp Pro Gin Asn Leu Gly Pro Ser Gly Leu Ala Glu 
580 585 590 

Asp Ser Arg Arg Val Asa Phe Thr Val Leu Ser Gly Thr Ser Met Ala 
595 600 605 

Cys Pro His Val Ser Gly He Ala Ala Leu Leu His Ser He His Pro 
610 615 620 

Lys Trp Ser Pro Ala Ala He Lys Ser Ala Leu Met Thr Thr Ala Asp 
625 , 630 635 640 

Thr Thr Asn His Gin Gly Lys Fro He Me- Asp Gly Asp Thr A.rg Ala 
545 650 655 

Gly Leu Phe Ala He Gly Ala Gly His Val Asn Pro Gly Arg Ser Asp 
660 665 670 

Asp Pro Gly Leu He Tyr A.sp He Asn Ala Asn Asp Tyr He Thr His 
675 6S0 685 

Leu Cys Thr He Gly Tyr Lys Asa Ser Glu He Leu Ser He Thr His 
690 695 700 

Lys Asn Val Ser Cys His Asp Val Leu Gin Lys Asn Arg Gly Phe Ser 
705 710 715 " 720 

Leu Asn Tyr Pre Ser He Ser Val He Phe Lys A.la Gly Lys Thr Arg 
725 , 730 735 

Lys Met He Thr Arg Arg Val Thr Asn Val Gly Ser Pro Asn Ser He 
740 745 750 

Tyr Ser Val Glu He Val Ala Pro Glu Gly Val Lys Val Arg Val Lvs 
755 750 765 

Pro A.rg Arg Leu Val Phe Lys His Val Asn Gin Ser Leu Ser Tyr Arg 
770 775 780 

Val Trp Phe He Ser Arg Lys Arg He Gly Thr Gin Arg Arg Ser Phe 
785 790 795 800 

Ala Glu Gly Gin Leu Met Trp He Asn Ser Arg Asp Lys Tyr Gin Lvs 
805 810 ' ^ 815 ' 

Val Arg Ser Pro He Ser Val Ala Trp Ala Ser Lys Lys 
820 825 



<210> 11 
<211> 3140 
<212> DMA 

<213> Solanum tuberosum 
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<220> 

<22i> CDS 

<222> (1) . . (2233) 



<400> 11 

act cat eta tec tec tct eta tg" ccc eta eta tgt ttt gtt tgc ata 48 

Thr His Leu Phs Ser Fhe Leu Cys Leu Leu Leu Cys Phe Val Cys He 

1 - -^-5 10 15 

caa get eaa gat ttg caa act tac ata gtt cag cca cat cca cat gga 3 6 
Gin Ala Gin Asp Leu Gin Thr Tyr He Val Gin Leu Kis Pro His Gly 
20 25 30 

gca aca aga cec ect ttu age tec aaa cea caa tgg cac cct tct tec 144 
A.la Thr Arg Pro Pro Phe Ser Ser Lys Leu Gin Trp His Leu Ser Phe 
35 40 45 

ctt gca aaa gca get tec tct gga gaa caa gac teg tct tct cgt cte 192 
Leu Ala Lys Ala Val Ser Ser Gly Glu Gin Asp Ser Ser Ser Arg Leu 
50 55 60 

ttg tac tee tac cat tct gcg aeg gaa ggt tet gca get ega etc ace 240 
Leu Tyr Ser Tyr His Ser Ala Met Glu Gly Phe Ala Ala Arg Leu Thr 
65 70 75 80 

gaa gat gag gtt gag ttg tta agg gaa tct aat gac gtg ttg teg ata 2 88 
Glu Asp Glu Val Glu Leu Leu Arg Glu Ser Asn Asp Val Leu Ser He 
85 90 ' 95 

cgt gee gag agg agg cte gaa att cag act act tat tct tac aag ttc 336 
Arg Ala Glu Arg Arg Leu Glu He Gin Thr Thr Tyr Ser Tyr Lys Phe 
100 , ICS 110 

ttg gga tta agt cca acg aga caa gga gee tgg tec aag tct gga tee 3 84 
Leu Gly Leu Ser Pro Thr Arg Glu Gly Ala Trp Leu Lys Ser Gly Phe 
115 120 125 

ggt ega ggg gcg ate att gga gtg etg gat act gga gtt tgg cca gaa 432 
Gly Arg Gly AAa He He Gly Val Leu Asp Thr Gly Val Trc Pro Glu 
130 135 140 

age cca age eet gat gat cat ggg aeg cca ect get cca cag aag egg 480 
Ser Pro Ser Phe Asp Asp His Gly Met Pro Pro Ala Pro Gin Lys Trp 
145 150 155 ^ 160 

agg ggt gtc tgc eaa gga gga cag gat tet aat tct ect agt tgt aat 523 
Arg Gly Val Cys Gin Gly. Gly Gin Asp Phe Asn Ser Ser Ser Cys Asn 
165 170 175 

cgc aag cte att ggt gca agg tee ttc aga aaa gga cat cge gtg gee 575 
A.rg Lys Leu He Gly Ala Arg Phe Phe Arg Lys Gly His Arg Val Ala 
ISO 185 190 

tea atg aca tea tea cca gat gca geg gag gaa tat gtg teg cca egg 624 
Ser Met Thr Ser Ser Pro Asp Ala Val Glu Glu Tyr Val Ser Pro Arc 
195 200 205 

gae tec cae ggc cae ggt aca cat aca gca tec ace gee gga gga gee 572 
Asp Ser His Gly His Gly Thr His Thr Ala Ser Thr Ala Gly Gly Ala 
21Q 215 220 

gca gtt cca teg get ggt geg cec gga aae gga gca ggg gag get ega 720 
Ala Val Pro Leu Ala Gly Val Leu Gly Asn Gly Ala Gly Glu Ala Arg 
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225 

ggg atg gcc 
Gly Mec Ala 



agt ggt tgc 
Ser .Gly Cys 



aga gat gga 
Arg Asp Gly 
275 

cca ctt tat 
Pro Leu Tyr 
290 

cat gga att 
His Gly lis 
305 

agt tea gta 
Ser Ser Val 



aca ctt gac 
Thr Leu Asp 



ttc ctg tac 
?he Leu Tyr 
355 

cag aag aat 
Gin Lys Asn 
3 70 

gaa ttt cgc 
Glu Phe Cys 
385 

atg gtt qzg 
Met Val Val 



gtt gtg aag 
Val Val Lys 



dta aat atg 
lie Asn Met 
435 

ttg att ggc 
Leu lie Gly 
450 

aca aaa aca 
Thr Lys Arg 
465 



230 

ccg ggt gcc 
Pro Gly Ala 
245 

tac age tcz. 
Tyr Ser Ser 
250 

gca gac ata 
Val Asp He 



gar gat act 
Asp Asp Thr 



tea gcc aca 
Ser Val lie 
310 

gcc aac ggt 
Ala Asn Gly 
325 

agg aga ttt 
Arg Arg Phe 
340 

gga gaa tec 
Gly Glu Ser 



cct gag ate 
Leu Glu He 



teg aga gga 
Leu Arg Gly 
390 

cgt gat agg 
Cys Asp Arg 
405 

gag gca ggt 
Glu Ala Gly 
420 

gag gaa gat 
Glu Glu Asp 



tec gac gaa 
Phe Asp Glu 



cca aca get 
Pro Thr Ala 
470 



eac ate gca 
His He Ala 



gat ata ctt 
Asp He Leu 
2 65 

ttg tea etc 
Leu Ser Leu 
230 

att gee att 
He Ala He 
2S5 

cgt get gca 
Cys Ala Ala 



get cet tgg 
Ala Pro Trp 



cca gcg tea 
Pro Ala Ser 
345 

ttg tac cet 

Leu Tyr Pro 
3 50 

gtc cat gta 
Val Tyr Val 
375 

teg cca tea 
Ser Leu Ser 



gga gtc aat 
Gly Val Asn 



get get gee 
Gly Ala Ala 
425 

tec att gac 
Ser He Asp 
440 

tea act eaa 
Ser He Gin 
455 

ega tee ata 
Arg Phe He 



235 

ata tat aaa 
He Tyr Lys 
250 

gca gca atg 
Ala Ala Hec 



tea etc ggc 
Ser Leu Gly 



gga agt ttc 
Gly Ser Phe 
3G0 

gcg aat aat 
Gly Asn Asn. 
315 

att gee act 
He Ala Thr 
330 

gtt cag tta 
Val Gin Leu 



ggg aag aaa 
Gly Lys Lys 



aag gat aag 
Lys Asp Lys 
380 

aaa gca eaa 
Lys Ala Gin 
335 

gga agg gca 
Gly Arg Ala 
410 

acg ate tta 
Mec He Leu 



gtc cat gtc 
Val His Val 



cca eaa aac 
Leu Gin Asn 
460 

ttt gga gga 
Phe Gly Gly 
475 



gta cge tgg 
Vai Cys Trp 
255 

gat gcg gee 
Asp Val Ala 
270 

ggc tec cet 
Gly Phe Pro 
285 

ega gcc atg 
Arg Ala Mec 



gga eea ate 
Gly Pro He 



5.tt ggt get 
He Gly Ala 
335 

ggc aac gga 
Gly Asn Gly 
350 

gtt ccc age 
Val Pro Ser 
365 

gac aag gga 
Asp Lys Gly 



gcc ega ggg 
Val Arg Gly 



gaa aaa ggc 
Glu Lys Gly 
415 

gca aat aca 
Ala Asn Thr 
430 

etc cca gca 
Leu Pro Ala 
445 

cac ccg aac 
Tyr Leu Asn 



acg gca aca 
Thr Val He 



240 

ttc 758 
Phe 



ace 816 
He 



act 864 
He 



gag 912 
Glu 



eaa 960 

Gin 

320 

age 1008 
Ser 



aag 1056 
Lys 



tet 1104 
Ser 



agt 1152 
Ser 



aaa 1203 

Lys 

400 

cag 1248 
Gin 



gca 1296 
Ala 



acg 1344 
Thr 



cca 1392 
Ser 



gga 1440 

Gly 

480 



aag tet aga gca cet gca gta get cag ttt teg tea agg ggg cca age 



1488 
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L-ys Ser Arg Ala Pro Ala Val Ala Gin ?he Ser Ser Arg Gly Pro Ser 
435 490 495 

tat act gat ccz tea ate etc aaa cct gat ttzg att gcz cca ggg gca 1536 

Tyr Thr Asp Pro Ser He Leu Lys Pro Asp Leu He Ala Pro Gly Val 
500 505 510 

aac -ata act -gcG--gcc tgg cca caa aac tta.ggc ccc agt gct-ctc ccc 1584 

Asn He He Ala Ala Trp Pro Gin Asn Leu Gly Pro Ser Gly Leu Fro 

515 520 525 

gaa gat tea cga aga gca aat tec act get atg tea ggg acc tea atg 1532 

Glu Asp Ser Arg Arg Val Asn Phe Thr Val Met Ser Gly Thr Ser Met 
530 535 540 

gca tgt cct cac gca agt gga att gee gca ccg ccc cat tea get cat 1580 

Ala Cys Pro His Val Ser Gly He Ala Ala Leu Leu His Ser Ala His 
545 550 555 560 

cct aaa tgg acc cca gca gca ata aga tec gca tta atg acc act gca 1728 

Pro Lys Trp Thr Pro Ala Ala He Arg Ser Ala Leu Met Thr Thr Ala 
565 570 575 

gat aca get gac cat atg gga aaa cca ate acg gat gga gat gca cca 177 6 

Asp Thr Ala Asp His Met Gly Lys Pro He Met Asp Gly Asp Ala Pro 
580 585 ^ 590 

get aaa cct ttt gca gee gga get gga cac gtg aac cct gga aga ccc 1824 

Ala Lys Leu Phe Ala Ala Gly Ala Gly His Val Asn Pro Gly Arg Ala 

595 600 605 

ate gat cct gga zzg ata cac gac ate cag get gat gaa cat ate act 1S72 

He Asp Pro Gly Leu He Tyr Asp He Gin Val Asp Glu Tyr He Thr 
610 £15 620 

cat ctt tgc act ate gga tac aga aat ccc gaa gtc ttc age ate act 1920 

His Leu Cys Thr He Gly Tyr Arg Asn Ser Glu Val Phe Ser He Thr 
625 630 635 640 

cat agg aat gtc age tgc cac gac act tta cag aac aac agg ggt ttc 195S 

His Arg Asn Val Ser Cys His Asp He Leu Gin A.sn Asn Arg Gly Phe 
645 650 655 

age eta aat tac ccc cca act tea ata acc tec aga gca gga atg act 2016 

Ser Leu Asn Tyr Pro Ser He Ser He Thr Phe Arg Ala Gly Mec Thr 
660 555 670 

aga aag ata ate aag agg aga gca aca aat gtg ggg aac cct aac ccc 2 064 

Arg Lys He He Lys Arg Arg Val Thr Asn Val Gly Asn Pro Asn Ser 

675 680 685 

ate tac tea get gac ace gag gca ccc gag gga gtc aaa gtg aga gtg 2112 

He Tyr Ser Val Asp He Glu Ala Pro Glu Gly Val Lys Val Arg Val 
690 695 700 

aag cca cgc cgc ccg ata tte aaa cat gcg aac caa age eta age eat 2150 

Lys Pro Arg Arg Leu He Phe Lys His Val Asn Gin Ser Leu Ser Tyr 

705 710 715 720 

aga get tgg tte aca tea cga aag awa ata gag tct aaa age acg age 2208 

Arg Val Trp Phe He Ser Arg Lys Xaa He Glu Ser Lys Arg Met Ser 
725 730 735 
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ttt gca gag ggg caa teg aca tgg ttc aac gta gga aac aaa gcc acg 2256 

?rie Ala Glu Gly Gin Leu Thr Trp Phe Asn Val Gly Asn Lys Ala Thr 

740 745 750 

aaa gtt aaa agt cct aci: tec gtc aca tgg gca tea atg aag 22S8 

Lys Val Lys Ser Pro lie Ser Val Thr Trp Ala Ser Mac Lys 
755 760 765 



cgatcactat caccacuacc acaagcacca tatatntcat ugtcttagtt caaaatttcc 2358 

aattaggaat ttcacaccac atcacaaatu gaugttagag cagatacact ctaccctccc 2418 

acaaagaaga aatgaccga* aatcacugaa atgattugtg tttcactaag tagacgcgcc 2478 

tccacaatgt taagaagtat taacatgtat aaacagatta gacaaagcac gagattgcgc 2 53 3 

ctgagtgagg nattttccca agcttacacc ttttgaacta aattacccat aaaccagtat 2598 

gacagacaaa aaattcaaga aattggcgag gcaaaagaaa acacacaaca taatctcaac 2 658 

tt^taacaaa tcgcaagcca t^tgaattag cataccgccc cataaatctc atgaacccgc 2718 

cccagtctcg tggagtccgc ataatatact tagcttcaat tcctgcaggc ttcccattaa 2778 

caaacttagc attgacatca accgacgtta gaaccccttc ttcgtcaatc acgtagaatc 2838 

cagtgatatrc ccctacttca ccagatgaat caaatacgga gggctgatca aacccgaata 2898 

tagccatacc atttgtccat cccttgactt tgttaactr:c acatctggca rtgutcgctc 2958 

^^atcagttcct tgtatgaact gaatctttgg ttgaaccatc attatacata gcctggacat 3 018 

..tttctggtct tcgataucgg tactgaaacg cgaacgggac aggcacaacc grtggccaai: 3078 

tgaatgaag^-a accugcactt: tgatgaacta tccttgacgc taLccctaca gtacatgaca 3138 

ca - 3140 



<210> 12 
<211> 766 
<212> ?RT 

<213> Solanum tuberosum 
<400> 12 

Thr Kis Leu Phe Ser Phe Leu Cys Leu Leu Leu Cvs Phe Val Cys lie 
15 10 15 

Gin Ala Gin Asp Leu Gin Thr Tyr lie Val Gin Leu His Pro His Glv 
20 25 30 

Ala Thr Arg Pro Pro Phe Ser Ser Lys Leu Gin Trp His Leu Ser Phe 
35 40 " 45 

Leu Ala Lys Ala Val Ser Ser Gly Glu Gin Asp Ser Ser Ser Arg Leu 
50 55 ' 60 

Leu Tyr Ser Tyr His Ser Ala Met Glu Gly Pha Ala Ala Arg Leu Thr 
65 70 75 SO 

Glu Asp Glu Val Glu Leu Leu Arg Glu Ser Asn Asp Val Leu Ser lie 
85 90 95 
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Arg Ala Glu Arg Arg Leu Glu Ila Gin Thr Thr Tyr Ser Tyr Lys ?he 
ICO 105 110 

Leu Gly Leu Ser Pro Thr Arg Glu Gly Ala Trp Leu Lys Ser Glv ?he 
115 120 125 

Gly Arg Gly Ala He He Gly Val Leu Asp Thr Gly Val Trp Pro Glu 

130 - 135 140 - 

Ser Pro Ser Phe Asp Asp His Gly Mec Pro Fro Ala Pro Gin Lys Trp 
145 150 155 160 

Arg Gly Val Cys Gin Gly Gly Gin Asp Phe Asn Ser Ser Ser Cys Asn 
165 170 175 

Arg Lys Leu He Gly Ala Arg Phe Phe Arg Lys Gly His Arg Val Ala 
183 185 ISO 

Ser Met Thr Ser Ssr Pro Asp Ala Val Glu Glu Tyr Val Ser Pro Arg 
195 200 205 

Asp Ser His Gly His Gly Thr His Thr Ala Ser Thr Ala Gly Gly Ala 
210 215 220 

Ala Val Pro Leu Ala Gly Val Leu Gly Asn Gly Ala Gly Glu Ala Arg 
225 230 235 ^ 240 

Gly Met Ala Pro Gly Ala His lie Ala He Tyr Lys Val Cys Trp Phe 
245 250 " 255 

■:Ser Gly Cys Tyr Ser Ser Asp He Leu Ala Ala Met Asp Val Ala He 
} 250 , 255 270 

Arg Asp Gly Val Asp He Lau Ser Leu Ser Leu Gly Gly Phe Pro He 
275 230 285 

Pro Leu 'Tyr Asp Asp Thr He Ala lie Gly Ser Phe Arg Ala Kec Glu 
290 295 300 

His Gly lie Ser Val He Cys Ala Ala Gly Asn Asn Glv Pro He Gin 
305 310 315 ' 320 

Ser Ser Val Ala Asn Gly Ala Pro Trp He Ala Tnr He Gly Ala Ser 
325 330 335 

Thr Leu Asp Arg Arg Phe Pro Ala Ser Val Gin Leu Gly Asn Gly Lys 
340 345 350 

Phe Leu Tyr Gly Glu Ser Leu Tyr Pro Gly Lys Lys Val Pro Ser Ser 
355 360 365 

Gin Lys Asn Leu Glu He Val Ty^r Val Lys Aso Lys Aso Lys Glv Ser 
370 375 " 380 ' 

Glu Phe Cys Leu Arg Gly Ser Leu Ser Lys Ala Gin Val Arg Gly Lys 
385 390 395 " 400 

Me- Val Val Cys Asp Arg Gly Val Asn Gly Arg Ala Glu Lys Gly Gin 
405 410 415 



Val Val Lys Glu Ala Gly Gly Ala Ala Men He Leu Ala Asn Thr Ala 
420 425 430 
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lie hsn Met Glu 
435 

Leu lie Gly Phe 
450 

Thr Lys Arg Pro 
■44& — ^- 

Lys Ser Arg Ala 



Tyr Thr Asp Fro 
500 

Asn lie lie Ala 
515 

Glu Asp Ser Arg 
530 

Ala Cys Pro His 
545 

Pro Lys Try Thr 



Asp Thr Ala Asp 
580 

Ala Lys Leu Phe 
595 

lie Asp Pro Gly 
£10 

His Leu Cys Thr 
625 

Kis Arg Asn Val 



Ser Leu Asn Tyr 
660 

Arg Lys lie lie 
675 

lie Tyr Ser Val 
690 

Lys Pro Arg Arg 
7 05 

Arg Val Trp Phe 



Phe Ala Glu Gly 
740 



Glu Asp Ser He 
440 

Asp Glu Ser He 
455 

Thr Ala Arg Phe 
47 Q 

Pro Ala Val Ala 
4S5 

Ser He Leu Lys 



Ala Trp Pro Gin 
520 

Arg Val Asn Phe 
535 

Val Ser Gly He 
550 

Pro Ala Ala He 
565 

His Met Gly Lys 



Ala Ala Gly Ala 
6 op 

Leu He Tyr Asp 
615 

He Gly Tyr Arg 
630 

Ser Cys His Asp 
645 

Pro Ser He Ser 



Lys Arg Arg Val 
680 

Asp He Glu Ala 
695 

Leu He Phe Lys 
710 

He Ser Arg Lys 
725 

Gin Leu Thr Trp 



Asp Val His Val 



Glr, Leu Gin A.sn 
450 

He Phe Gly Gly 

475- - - 

Gin Phe Ser Ser 
490 

Pro Asp Leu He 
505 

Asn Leu Gly Pro 



Thr Val Met Ser 
540 

Ala Ala Leu Leu 
555 

Arg Ser Ala Leu 
570 

Pro He Met Asp 
585 

Gly His Val Asn 



He Gin Val Asp 
620 

Asn Ser Glu Val 
635 

lie Leu Gin Asr. 
650 

He Thr Phe Arg 
565 

Thr Asn Val Gly 



Pro Glu Gly Val 
700 

Kis Val Asn Gin 
715 

Xaa lie Glu Ser 
730 

Phe Asn Val Gly 
745 



Leu Pro Ala Thr 
445 

Tyr Leu Asn Ser 



Thr Val He Gly 

480 

Arg Gly Pro Ser 
495 

Ala Pro Gly Val 
510 

Ser Gly Leu Pro 
5 2 5 

Gly Thr Ser iMst 



His Ser Ala His 
560 

Met Thr Thr Ala 
575 

Gly Asp Ala Pro 
590 

Pro Gly Arg Ala 

6C5 

Glu Tyr He Thr 



Phe Ser He Thr 
640 

A_sn A.rg Gly Phe 
655 

Ala Gly Met Thr 
670 

Asn Pro Asn Ser 
685 

Lys Val A.rg Val 



Ser Leu Ser Tyr 
720 

Lys Arg Met Ser 
735 

Asn Lys Ala Thr 
750 



Lys Val Lys Ser Pro He Ser Val Thr Trp Ala Ser Mec Lys 
755 760 765 
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<210> 13 
<211> 5 
<212> PRT 

<213> Artificial Seq-aence 

<220> .. ^ ^ - . 

<223> Description of Artificial Seqij.er.ce: artificial 
seqi^ence 

<4C0> 13 

Gin Thr Tyr lie Val 
1 5 



"•=!f <210> 14 
^ <211> 5 

<212> FRT 
G <213> Artificial Seque nc e 

m. 

\l <22Q> 

<223> Descripcion of Artificial Sequence: artificial 
sequence 

L, <4G0> 14 

-;:f He Val Gin Leu Kis 

m. 1 5 

G 
Q 

<210> 15 
<211> 5 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description cf Artificial Sequence: artificial 
sequence 

<400> 15 

Ser Ser Arg Leu Leu 
1 5 



<21Q> 16 
<211> 5 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: artificial 
sequence 

<400> 16 

Gin Thr Thr Tyr Ser 
1 5 



<210> 17 
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<211> 5 
<212> ?RT 

<2i3> Arcificial Sequence 
<220> 

<223> Descripcion of Arcificial Se<?aence : arcificial 
seouence 



<400> 17 

Ser Ser Ser Cys Asn 
1 5 



<21Q> 13 
<211> 5 
-^1 <212> ?RT 

■':f <213> Artificial Seauence 

m 

If <220> 

<223> Descriotion of Artificial Secruence: artificial 
sequence 

M 

tn <400> 18 

\% Val Leu Gly Asn Glv 
1 5 

G 

m 

<2io> 19 

Q <211> 5 
O <212> PRT 

hi: <213> Artificial Seq^jence 
<22Q> 

<223> Description of Artificial Sequence: artificial 
sequence 

<400> 19 

Gly Ala Kis He Ala 

-V 1 5 



<210> 20 
<211> 5 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: artificial 
sequence 

<400> 20 

Phe Arg Ala Met Glu 
1 5 



<210> 21 
<211> 5 
<212> PRT 

<213> Artificial Sequence 
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<220> 

<223> Description of Artificial Seq^aence: artificial 
<400> 21 

Val He Cys Ala Ala 

I - ^ 5- , - 



<21G> 22 
<211> 5 
<212> P.RT 

<213> Artificial Sequence 
r| <220> 

y| <223> Descripcion of Arcificial Sequence: artificial 
seqiience 

Jj: <4Q0> 22 

Ala Ala Gly Asn Asn 

''^^ 1 5 

H 

rh <2io> 23 
m <2ii> 5 

[2 <212> ?RT 

J,^^ <2i3> Artificial Sequence 
<220> 

^'^'-<223> Description of Artificial Sequence: arcificial 
s eq^a ence 

<4Q0> 23 

Ser Ser Val Ala Asn 
1 5 



<210> 24 
<211> 5 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: artificial 
sequence 

<400> 24 

Tyr Gly Glu Ser Leu 
1 5 



<210> 25 
<211> 5 
<212> PRT 

<213> Arcificial Se^quence 
<220> 

<223> Description of Artificial Sequence: artificial 
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sequence 
<4C0> 25 

Gly Ser Glu ?he Cys 
1 5 



<2i0> 26 
<211> 5 
<212> FRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Seqijence : artificial 
seqiJience 

CI <400> 26 

ill Cys Leu Arg Glv Ser 
1 5 

m 

<210> 27 

<2ii> 5 

<212> PRT 

<213> Artificial Sequence 

u. 

<22o> 

1,=:, <223> Description of Artificial Sequence: artificial 

r\ sGouence 

i ... 

. , <4 0'J> Al 

^""^ Arg Gly Val Asn Gly 
1 . 5 



<210> 2S 
<211> 6 
<212> PRT 

<213> Artificial Se^quence 
<220> 

<223> Description of Artificial Seq^uence: artificial 
sequence 

<4Q0> 28 

Fro Ala Thr Leu lie Gly 
1 5 



<210> 29 
<211> 5 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: artificial 
sequence 

<400> 29 



lie Phe Glv Glv Thr 
1 ^ ^ 5 



<210> 30 
<211> 5 

. <212> ?RT . 

<213> Artificial Sequence 

<220> 

<223> Descrip;:ioa of Arcificial Sequence: 
secxience 

<400> 30 

Pro Gin Asn Leu Gly 

Q ' 

m 

■ r;i<2io> 31 
' ■,:;.<2ii> 5 

^^;,|<212> PRT 

in<213> Artificial Sequence 

''^U220> 

^^,,<223> Description of Artificial Sequence: 
i.s sequence 

m 

^h.<400> 31 

f Wal Asn Phe Thr Val 



<21G> 32 
<211> 5 
<212> PRT 

<213> Artificial Sequence 
) <220> 

<223> Description of Artificial Sequence: 
sequence 

<400> 32 

His Val Ser Glv lie 
1 " 5 



<210> 33 
<211> 5 
<212> PRT 

<213> Artificial Seq^jence 
<220> 

<223> Description of Artificial Sequence: 
seqiuence 

<4Q0> 33 

Gly Fhe Ser Leu Asn 
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<210> 34 
<21i> 5 
<212> FRT 

<2i3> Artificial Sequence 

..<.220-> - 

<223> Descripcion of Artificial Seq-aeuce : artificial 
secuence 

<400> 34 

Arg Arg Val Thr Asn 
i 5 



<210> 35 
<211> 5 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: artificial 
seqaence 

<400> 35 

Pro Asn Ser lie Tyr 
1 5 



<210> 36 
<2li> 5 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Descripcion of Artificial Sequence: artificial 
sequence 

<400> 36 

Leu Ser Tyr Arg Val 
1 . 5 



<210> 37 
<211> 5 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: artificial 
sequence 

<40G> 37 

Ser Fro lie Ser Val 
1 5 



<210> 38 



38 



<211> 5 
<212> PRT 

<213> Artificial Sequencs 
<220> 

<223> Descripcion of Artificial Sequence: artificial 
sequence 

<400> 38 

Val He Cys Ala Ala 
1 5 



<210> 39 
<211> 5 
<212> PRT 

<213> Artificial Seqaence 
<22Q> 

<223> Descripcion of Artificial Sequence: artificial 
seqaence 

<400> 39 

Cys Ala Ala Gly Asn 
1 5 



<210> 40 
<211> 5 
<212> PRT 

<213> Artificial Sea;aence 
<220> 

<223> Descripcion of Artificial Sequence: artificial 
sequence 

<40Q> 40 

Ala Ala Gly Asn Asn 
1 5 



<210> 41 
<211> 9 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Descripcion of Artificial Sequence: artificial 
sequence 

<400> 41 

Val He Cys Ala Ala Gly Asn Asn Glv 
1 5 



<210> 42 
<211> 5 
<212> PRT 

<213> Artificial Sequence 
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<220> 

<223> Description of Artificial Seqraence : arcificial 
secjuence 

<400> 42 

He He Glv Val Leu 

- 1 -. 5 



<210> 43 
<211> 5 
<212> PRT 

<213> Artificial Seq^aence 
<220> 

<223> Description of Artificial Sequence: arcificial 
se<ruence 

<400> 43 

Gly Val Leu Asp Thr 
1 5 



<210> 44 
<211> 6 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Arcificial Sequence: artificial 
sequence 

<400> 44 

Thr His Thr Ala Ser Thr 

1 5 



<210> 45 
<211> 4 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Descripcion of Artificial Sequence: artificial 
sequence 

<400> 45 

Ser Arg Asp Ser 

1 



<210> 45 
<211> 4 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: artificial 



40 



sequence 

<400> 46 
Arg Asp Ser Gly 
1 



<21C> 47 
<211> 5 
<212> PRT 

<213> Arcificial Seg?j.encs 
<220> 

<223> Description of Artificial Seouence : artificial 
<400> 47 

His Val Ser Gly He 
1 5 



<210> 48 
<211> 6 
<212> ?RT 

<213> Artificial Seaaence 
<220> 

<223> Description of Artificial Sequence: artificial 
seqiaeace 

<400> 48 

?he Thr Val Ser Gly Thr 
1 5 



<210> 49 
<211> 5 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: arcificial 
sequence 

<400> 49 

Ser Tyr His Ser Ala 
1 5 



<21Q> 5G 
<211> 5 
<212> PRT 

<213> A.rtificial Sequence 
<220> 

<223> Description of A^rtificiai Sequence: artificial 
sequence 

<400> 50 
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Gly Leu Ser Pro Thr 



<210> 51 
<211> 5 

^ <212> PRT 

<213> Amificial Sequence 

<220> 

<223> Descripcion of Artificial Seqiaence : artificial 
seqiience 

<400> 51 

Trp Leu Lvs Ser Gly 

m 

<210> 52 
<211> 5 
Si <212> PRT 

fl% <213> Artificial Seqiience 

G 

m. 

iA <400> 52 
Q Phe Asn Ser Ser Ser 



<22Q> 

<223> Description of Artificial Sequence: artificial 
seouence 



<210> 53 
<211> 5 
<212> PRT 

<213>- Artificial Seq^aence 
<220> • 

<223> Description of Artificial Sequence: artificial 
sequence 

<400> 53 

Ala Ser Thr Ala Gly 



<210> 54 
<211> 5 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: artificial 
seqij.ence 



<400> 54 

Ala Ala Met Aso Val 
1 " 5 
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<21Q> 55 
<211> 5 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Descripcion of Artificial Sequence: artificial 
sequence 

<4Q0> 55 

Trp He Ala Thr He 
1 5 



ii^^ <21Q> 56 

Ml <21l> 5 

01 <212> PRT 

■■CI <213> Artificial Sequence 

<220> 

<223> Description of Artificial Sequence: artificial 
Tl sequence 

J;^^ <400> 56 

G Gly Pro Ser Gly Leu 

fXl 1 S 

a 

i: . <210> 57 
<2-l1> o 
<212> PRT 

<213> Artificial Sequence 
<22G> 

<223> Description of Artificial Sequence: artificial 
sequence 

<400> 57 

He Ala Ala Leu Leu His 
1 ■ 5 



<210> 58 
<211> 5 
<212> PRT 

<213> Artificial Seq^uence 
<220> 

<223> Descripcion of Artificial Seq-uence: artificial 
seqiuence 



<400> 58 

Lys Pro He Met Aso 
1 5 
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<211> 5 
<212> PRT 

<213> Artificial Seq-aence 
<220> 

<223> Description of Aruificial Sequence: arcificia 
sequence 

<400> 59 

Val Ser Cys His Asp 
1 5 



<210> 60 
<211> 5 
O <212> PRT 

y| <213> Artificial Sequence 



Descripcion of Artificial Sequence: artificia 
sequence 

f^:-' <400> 60 

'^1 Tyr Pro Ser lie Ser 
1 5 

a 
m 

f'% <210> 61 

<2ii> 5 
<2i2> PRT 

<213> Artificial S^q:s.er.CB 
<220> 

<223> Description of Artificial Sequence: artificia 
sequence 



<220> 
<223> 



<4G0> 61 

Ser Leu Ser Tyr Arg 
1 5 



